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Cold stress at seedlings stage of buckwheat optimizes devel-
opment of both roots and aboveground biomass and limits 
the excessive vegetative growth interfering with seed forma-
tion (an analytical review)

Abstract: buckwheat, sown in warmed soil, quickly 
sprouts, grows and successfully competes with annual weeds. 
However, such agronomic practice does not always lead to a 
good grain yield, because a powerful, abundantly flowering 
buckwheat plants often give only a minimal amount of seeds 
due to a lack of moisture in the upper layer of soil during flow-
ering. This behavior of buckwheat is described as “overgrowth 
(with poor seed formation)”. This phenomenon is caused by the 
relative weakness of the root system of this species: the specific 
feature of buckwheat is a very fast transition to formation of 
secondary roots, which gives advantages at the first stages of de-
velopment, but restricts the roots growth later. buckwheat flow-
ering is stretched in time. First half of this developmental stage 
which is most important for the grain yield is coincided with 
the most intensive vegetative growth. The lowered temperature 
at the seedlings stages slows the growth of the aboveground 
biomass and accelerates the growth of the roots that at later 
stages favorably affects the conditions for seeds development 
and, respectively, the grain yield. it explains why early sowing 
time is favorable for the grain yield of buckwheat. 

Key words: buckwheat; overgrowth; sowing date; grain 
yield

Hladni stres na razvojni stopnji sejanke navadne ajde opti-
mizira razvoj korenin in nadzemne biomase in omejuje pre-
komerno vegetativno rast, ki zavira tvorbo semen (analitični 
pregled)

Izvleček: Navadna ajda, posejana v topla tla hitro vzkali in 
hitro raste in uspešno tekmuje z enoletnimi pleveli.Vendar pa 
takšna agronomska praksa ne vodi vedno k dobremu pridelku 
zrnja, ker daje močno in obilno cvetenje ajde pogosto le mini-
malno količino semen zaradi pomanjkanja vode v zgornjih 
plasteh tal v času cvetenja. to obnašanje ajde je opisano kot 
“pretirana rast (s šibko tvorbo semen).ta pojav povzroča rela-
tivna šibkost koreninskega sistema te vrste, katerega posebnost 
je zelo hiter prehod k tvorbi sekundarnih korenin, kar daje 
prednost v začetnem razvoju, a omejuje rast korenin kasneje. 
Cvetenje navadne ajde je časovno raztegnjeno. Prva polovica 
tega razvojnega obdobja, ki je najpomembnejša za pridelek zrn-
ja soupada z najmočnejšo vegetativno rastjo. Znižanje tempera-
ture na razvojni stopnji sejanke upočasni rast nadzemnega dela 
in pospeši rast korenin, kar v kasnejših fazah razvoja ugodno 
vpliva na razmere za razvoj semen in s tem na pridelek zrnja. to 
razloži zakaj je zgodnja setev navadne ajde ugodna za pridelek 
zrnja. 

Klučne besede: navadna ajda; pretirana rast; čas setve; 
pridelek zrnja
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1 IntroduCtIon

Common buckwheat, Fagopyrum esculentum Moe-
nch., is a nectariferous plant with prolonged flowering 
(usually up to harvesting), which is cultivated in many 
countries of the northern hemisphere as a grain crop, ap-
preciated for the excellent dietary and healing properties 
of products from its grain. Maintenance of obligate cross-
pollination in plants is usually associated with significant 
energy costs (solbrig, 1979; Cruden & Lyon, 1985). in 
buckwheat, the attraction of pollinators (mainly bees) 
is provided by excessively abundant, showing flowering. 
More than 90% of the flowers do not form seeds and die 
off (buckwheat flower lives 1 day). such or close to this 
manner of flowering and seed formation is quite typical 
for buckwheat and can be considered the norm. some-
times seed formation could be increased, and some opti-
mists found it possible to talk about a very high potential 
for buckwheat grain productivity (> 10 t ha-1, if most of 
the flowers give seeds). However, in buckwheat, the pe-
riod of the beginning of flowering is overlapped with the 
most intensive vegetative growth, and under unfavorable 
conditions (for example, drought), the vegetative growth 
has an advantage over seed formation, which leads to the 
mass death of emerging ovaries (Fesenko, 1983). at the 
same time, the advantage of vegetative growth can pre-
sent itself even more clearly in very favorable conditions 
of abundance of moisture and mineral nitrogen in the 
soil, when the powerful coenosis with abundant flower-
ing doesn’t exhibit the appropriate formation of seeds. 
such behavior of buckwheat in Russian agronomic jar-
gon is described by the term “zhirovanie” (the approxi-
mate translation is “obesity”, but the common sense is the 
“overgrowth with poor seed formation” or, shorter, the 
“overgrowth”). This is the most distinct for powerful, i.e. 
later-ripening buckwheat varieties. in this context, buck-
wheat had a reputation of a “mysterious” crop that could 
give an acceptable yield on poor soil and, on the contrary, 
on rich soil the yield could be poor despite the powerful 
growth and abundant flowering.

There are fairly reliable guesses about the nature of 
this phenomenon (Fesenko, 1983), however, it was not 
possible to do special experiments revealing the physi-
ological mechanism of “the overgrowth”, and this article 
became possible only as a summary of various sources, 
the reason for collecting which was the impressions of 
first author when visiting the agrotechnical experiment 
studying the sowing time of the variety ballada in 1983. 
This variety, quite late ripening and powerful, turned out 
to be a “model” for studying the “overgrowth”, and the 
year 1983 was a provocative for a clear manifestation 
of this phenomenon (unusually early, warm and humid 
spring and hot, moderately moistened summer). This ex-

periment was conducted during several years (shashkin 
& Mazalov, 1992), but only in 1983 the “overgrowth” 
proved to be a full-fledged qualitative trait, whereas in 
other years of this work, as well as in other cited works 
with accents to sowing dates, this phenomenon could be 
recognized only by quantitative differences in grain yield.

trying to identify the physiological mechanism so 
strongly affecting the buckwheat grain yield we found 
it necessary to do this in context of the specific climatic 
conditions of the northern farming systems which influ-
enced the results of cited works.

The “line” limiting agriculture from the North cross-
es the entire territory of Russia and can be prolonged 
through Japan (Hokkaido) and Canada where buckwheat 
is also cultivated. The border status is associated with the 
concept of “risk farming zone”. The main limiting factor 
here is a short frost-free period, which often complicates 
the formation of soil with good characteristics. This can 
restrict the yield of main grain crops. Under such condi-
tions, buckwheat can be quite competitive as a relatively 
unpretentious crop.

Frost-resistant spring cereals are sown as soon as 
possible, sometimes almost immediately after snowmelt, 
to avoid mass diseases and insects damages. Frost-sensi-
tive buckwheat is the later crop, which is sown a month 
later, when nightly frosts possibility becomes minimal. 

it allows carry out the effective eliminating weeds’ 
seedlings by mechanical soil cultivation before sowing. 
buckwheat seeds sown in a well-warmed soil prepared in 
this way quickly germinate, and the young plants are able 
to quickly cover the threadlike seedlings of annual weeds. 
These are the criteria for an optimal sowing period. but 
how does this affect the grain harvest? This is the topic 
of our review, where we collected the observations of 
buckwheat made since the start of breeding work with it 
in the orel region and other regions of the world, which 
together provide an opportunity to explain the features 
of its yield’ reactions to growing conditions. in the ar-
ticle is also mentioned tartary buckwheat, F. tataricum 
Gaertn, a self-pollinated species, which at present time 
has a prospect to be introduced into Russian agriculture. 

2 orel regIon (russIA), 53° n

This region is considered favorable for the cultiva-
tion of main crops, including buckwheat. Here we can 
use the written and personal testimonies of researchers 
over the past century, during which revolutionary chang-
es occurred in the energy saturation of agriculture and, 
accordingly, in standard agricultural technology.

in the period before the widespread of agricultural 
machinery, plowing of the fields was carried out mainly 
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by horse-drawn wooden plough, that is, without furrow 
slice inversion. This led: 1) to delay spring plowing and 
sowing of early spring crops, which is why large areas 
were sown with late spring crops (buckwheat, millet); 2) 
to accumulation of weeds’ rhizomes. in the fields with 
the most weediness after snow melting spring grazing of 
cattle was carried out, and plowing and sowing of buck-
wheat were conducted in June (Krotov, 1960).

Local buckwheat was of an early maturing type, but, 
apparently, these populations were quite heterogeneous 
in a number of properties, and on their basis as result 
of long-term (from 1901 to 1909) earlier (May) sowing 
and machine sorting of seeds a more powerful and large-
grained mid-ripening variety bogatyr was developed at 
the shatilov’s Research station (Fesenko, 1990). 

after widespread of machine agriculture, autumn 
plowing, as well as early spring plowing became the 
norm, that allowed for timely spring sowing on unlim-
ited areas. it sharply reduced the pest damage to early 
spring seedlings, and barley, having the opportunity to 
“get away” from the mass defeat by the Oscinella sp., be-
came the most technologically advanced and productive 
spring crop. as a result, late spring crops began to decline 
fast. but the “atomic era” has reversed this process, as in 
Russia buckwheat has become mandatory when plan-
ning sowing areas.

The machines era fixed the optimal timing of sow-
ing buckwheat in orel region for the third decade of May 
for more than half a century. it was confirmed in agro-
technical experiments (Losev & Khlebnikov, 1973). ear-
lier sowing was considered impractical due to the higher 
probability of night frosts and the lack of time for pre-
sowing weed control (Losev & Khlebnikov, 1973).

The weather dynamics in the spring months follow 
a standard scenario, but significant variation is possible 
between years. at the beginning of the 1980s, earlier 
and warmer springs became frequent in the orel region, 
which is probably consistent with the syndrome of global 
warming. in those years, the system of regional experi-
mental agricultural institutions has actively working in 
the UssR. New types’ varieties of buckwheat were creat-
ed in institute of Grain Legumes and Groats Crops. it re-
quired studying varietal agricultural technology, includ-
ing experiments with sowing dates. in 1983-1991 such 
experiments were carried out with new mid-ripening 
buckwheat variety ballada (shashkin & Mazalov, 1992) 
which was sown in the following dates: 1) May 8-11; 2) 
May 15-16; 3) May 24-26 (standard); 4) June 5-6 and 5) 
June 9-11. in terms of grain yield depending on the sow-
ing dates next results were obtained (average and range): 
1) 1.89 (1.49 ... 2.60) t ha-1; 2) 1.68 (1.07 ... 2.34) t ha-1; 3) 
1.51 (0.37 ... 2.02) t ha-1; 4) 0.88 (0.09 ... 1.96) t ha-1; 5) 
0.54 (0.06 ... 1.22) t ha-1.

Thus, the maximum yield was obtained at the first 
(early) term of sowing, the following periods were char-
acterized first by a smooth (terms 2 and 3), and then by a 
sharp (terms 4 and 5) decline in grain yield with the ex-
cellent appearance of these plots. The authors explained 
the result by the fact that the first sowing period allowed 
the ballada cultivar 6 years out of 9 catches the most fa-
vorable conditions in the first half of the flowering period 
which was critical for buckwheat (shashkin & Mazalov, 
1992). in parallel experiment with a new early ripening 
variety skorospelaya 86, the largest grain yield was ob-
tained after sowing on May 14–16 and May 24–26, which 
was explained from the same standpoint (shashkin & 
Mazalov, 1992).

3 HoKKAIdo (JApAn), 43-44° n

The island is located far south of orel, however, the 
surrounding sea is cold and agricultural development of 
the island has occurred recently, i.e. to the beginning of 
the 20th century. The optimal time for sowing buckwheat 
here is considered the beginning of June. Later sowing is 
also practiced (Honda et al., 2010).

The paper by Honda et al.(2010) presents data for 
5 years (2004 ... 2008) obtained for three varieties that 
were sown in three terms: mid-May (early), early June 
(standard) and the end of June (late). The varieties un-
der the study were different in morphological type: ‘Kita-
wasesoba’ is the large-grained standard, ‘Kitayuki’ is the 
late-ripening small-grained variety, and ‘Kitanomashu’ is 
the new determinant variety.

The varieties showed quite noticeable differences in 
grain productivity (Kitanomashu> Kitawasesoba> Ki-
tayuki), but a very similar reaction both to the sowing 
date and to the conditions of the year. all three varieties 
gave the maximal average (for five years) grain yield after 
early sowing: three years out of the five all the varieties 
manifested better results at early sowing compared to 
sowing in “optimal period”. The authors concluded that 
the advantage of early sowing was due to the best weath-
er conditions during the flowering period, which 3 years 
out of five was provided by early sowing. The authors also 
cited the Canadian (Gubbels, 1977) and Japanese works 
in which similar results were obtained.

4 dIsCussIon

There is a relationship between genetically deter-
mined traits of root and crop productivity (Kell, 2011; 
Narayanan et al., 2014). since the root system is a dy-
namic formation that is influenced by environmental fac-
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tors (Lynch, 1995; Grossman & Rice, 2012), the success 
of breeding changes in the root system in crops depends 
not only on a specific trait and the nature of its inherit-
ance, but also on the use of a particular farming system 
together with soil characteristics (botwright acuna & 
Wade, 2012; Meister et al., 2014).

buckwheat belongs to the group of plants in which 
the initiation and development of primordia of the lat-
eral roots occurs in the apical meristem of the main root 
(o’Dell & Foard, 1969). in addition, due to the initiation 
of the groups of primordia of lateral roots in embryogen-
esis, these species are characterized by early branching of 
the main root after germination (Dubrovsky & Laskows-
ki, 2017). The rapid development of the root system al-
lows compete with representatives of other species for 
soil resources and quickly gain significant biomass (il-
yina et al., 2017).

at the same time, buckwheat is much inferior to the 
grain cereals in the final development of the root system 
(Hagiwara et al., 1998), surpassing them in absorption 
capacity of roots (Fesenko, 1983). Therefore, the relative 
weakness of the buckwheat root system may be the cause 
of the instability of its grain productivity. The effect of 
the overgrowth with poor seed formation is especially 
explicit, when buckwheat, after sowing under favorable 
conditions, develops a powerful above-ground vegetative 
mass, actively blossoms, but gives a low grain yield.

From this point of view, the experiments by Park 
et al. (2010), who were optimizing the process of buck-
wheat seeds germination to obtain seedlings for early 
spring salad, are interesting. seeds (30 g) were washed 
and soaked at a temperature of 25 °C. The seeds that 
started to germinate were divided into 3 fractions of 10 g 
each and placed on the steel tray with double layer steel 
net. The seedlings were grown in the dark under optimal 
moisture conditions and at stable temperature of 20 °C, 
25 °C, and 30 °C, respectively. on the 9th day of such cul-
tivation, the seedling yield was weighed and the length of 
their roots was measured.

in common buckwheat F. esculentum, the seedling 
yield was the smallest at 20 °C (1.66 g) and increased 
sharply with increasing temperature to 25 °C (2.73 g) 
and, especially, to 30 °C (3.30 g). at the same time, the 
root length was maximal at 20 °C (5.93 cm), with increas-
ing temperature it decreased to 4.80 cm at 25 °C and to 
5.23 cm at 30 °C.

This experiment did not aim to determine the root 
availability of the obtained plants depending on the tem-
perature of cultivation, however, we can use its results 
for a comparative description of the share of roots in 
the obtained plant biomass, because the mass of seeds in 
the studied variants was the same (10 g), but the mass of 
seedlings varied sharply. The ratio of root length to bio-

mass was 5.93 cm: 1.66 g = 3.57 cm g-1 at 20 °C, 4.80 cm: 
2.73 g = 1.76 cm g-1 at 25 °C (i.e. 2 times less than at 
20 °C) and 5.23 cm: 3.30 g = 1.59 cm g-1 at 30 °C (i.e. 2.2 
times less than at 20 °C).

Thus, at the earliest stage of plant development un-
der optimal growth conditions, the misbalance was initi-
ated, which after beginning of flowering can sharply neg-
atively affect the formation of the grain yield as the fast 
growth of the aboveground biomass was not sufficiently 
supported by a more slowly growing root system.

a similar trend could be observed when F. tataricum 
seeds were germinating, but taking into account their 
smaller size (the conditions were the same)(Park et al., 
2010). The seedling yield here was 1.06 g at 20 °C, 1.86 g 
at 25 °C and 1.90 g at 30 °C. in this case, the length of 
the roots differed slightly: 4.86 cm, 4.90 cm and 5.13 cm, 
respectively. The biomass yield at 25 °C increased 1.75 
times compared to 20 °C, and the ratio “root : biomass” 
decreased, respectively, from 4.58 cm g-1 (4.86 cm : 
1.06 g) to 2.63 cm g-1 (4.90 cm : 1.86 g). These indica-
tors are higher than those of F. esculentum, however, the 
tendency was clearly manifested: higher temperature 
leads to an increase in the aboveground biomass with a 
decrease in its root support.

in our analysis of this experiment, the categories 
“more/less” were used, i.e. here we begin to consider the 
overgrowth with poor seed formation as a quantitative 
trait. This allows us to include in the analysis not only 
extreme cases, but also almost the entire set of facts ob-
tained during the experimental and practical cultivation 
of buckwheat. such an approach makes it possible to 
distinguish between the level of imbalance between the 
power of the entire biomass of the plant and its root sup-
port, and evaluate this trend for any variety. 

Powerful mid-ripening and late-ripening varieties 
are usually prone to the overgrowth with poor seed for-
mation under favorable conditions including fertilized 
soil, while rapidly blooming early ripening varieties are 
genetically more resistant to this phenomenon. so, the 
early-ripening variety skorospelaya 86 manifested the 
best result when sowing date was standard, but the mid-
ripening variety ballada, prone to strong growth, shown 
best yield when sowing in the earliest terms (shashkin & 
Mazalov, 1992), i.e. when temperature was lower. in ad-
dition, the ballada variety gave the smallest sum of yields 
in the five sowing terms in 1983, when the most favorable 
combination of early heat and moisture supply was be-
ing. That year, at early sowing date, the yield was only 
1.56 t ha-1, in contrast with the perfect characteristics of 
the cenosis in all other aspects, the second sowing term 
showed 1.12 t ha-1, and the yield of the next three peri-
ods was 0.37, 0.09 and 0.06 t ha-1 also in spite of perfect 
characteristics of the fields, i.e. the proportions of their 
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period. This is probably why the Canadian buckwheat 
breeding program emphasized the development of frost-
resistant varieties (Campbell, 2003). similar work was 
carried out in siberia (Kostyro, 1971). but it is too early 
to talk about the successes of this direction.

Theoretically, it is possible to minimize the effect 
of the “overgrowth” after sowing in heated soil using ef-
fective retardants that reduce the vegetative growth of 
buckwheat plants. occasionally, publications appear in 
which a physiologically active substance is considered 
as a factor that dramatically increases the yield of buck-
wheat grain. an example is the article by szelezniak et al. 
(2010), which describes the experience of herbicides ap-
plication on buckwheat crops. only chemicals to which 
buckwheat is relatively tolerant have been compared. 
sowing was carried out on May 26, 2009, i.e. into warm 
soil. interestingly, all seven of the studied chemicals gave 
an increase in grain yield; three of them gave the increase 
more than 2 times. since all these herbicides can be re-
garded as retardants in terms of the physiological effect 
on buckwheat, it can be assumed that their use not only 
reduced competition from weeds, but also optimized the 
root support of the plant generative sphere during flow-
ering due to reduction of aboveground biomass, also re-
ducing auto-competition in the cenosis.

Unfortunately, the cited work, like many others, 
does not provide significant information on the physi-
ological effects of the chemicals on plant organs. our 
approach based on a quantitative analysis of the “over-
growth” in buckwheat can stimulate such studies. it 
seems that the level of root development (and final yield) 
of the buckwheat plant is largely determined at the first 
stages of growth, which are most easily controlled by 
duplicating field experiments by hydroponic ones (Park 
et al., 2010). it is necessary to note that our conclusions 
are based not only on the cited results of accurate single-
factor experiments, but also on many years experience 
in studying buckwheat from various perspectives (ge-
netics, cultivation technology, breeding), which allows 
us to form an integral natural-philosophical view on the 
problem. but while, on the existing assortment of buck-
wheat, French farmers get the maximum yield in the 
marine climate of the brittany province (http://www.fao.
org). Unfortunately, we do not have information about 
the peculiarities of the cultivation technology used there. 
it can be assumed that the absence of late spring night 
frosts over the years (the Gulf stream influence) allows 
early buckwheat sowing. as result, the seedlings develop 
under relatively low positive temperatures, which stops 
the premature excessive vegetative growth of the variety 
La Harpe widespread there. Therefore, its plants begin to 
bloom when the root system achieved maximum possi-
ble development (relative to the above-ground biomass), 

vegetative development and grain yield more and more 
clearly consistent with the concept of excessive vegetative 
growth with poor seed formation. The maximal yield was 
experimentally obtained in a rather cool 1990 (2.6 t ha-1 
with early sowing) (shashkin & Mazalov, 1992). The va-
riety ballada is able to form a larger biomass than the 
bogatyr and Krasnostreletskaya varieties, which showed 
the best result when sowing in the third decade of May 18 
years before (Losev & Khlebnikov, 1973).

Japanese varieties are sensitive to light day length 
(short-day type) and exhibit enhanced branching in Hok-
kaido (Fesenko et al., 1999), i.e. form a powerful, even 
excessive biomass. according to the cited publication 
(Honda et al., 2010), the alteration of this genotype into 
a determinant type of growth was very effective, because 
a new determinant variety has proven itself as the most 
productive. in this work, it was noted that early-sown 
plants were shorter than those sown in June. The authors 
concluded that the increase in yield in the first term was 
associated with increased resistance to lodging (Honda 
et al., 2010). at the same time, it can be a consequence of 
both the reaction of the short-day varieties on a shorter 
day in May, and a heat deficiency at this time. However, 
a decrease in above-ground biomass can be functionally 
associated with better root support of the flowering and 
seed formation processes. it is necessary to note the best 
root support of the seed filling process is one of the ad-
vantages of determinant buckwheat varieties over ones 
with indeterminate growth habit (Martynenko, 1988).

an earlier sowing period is usually associated with a 
greater likelihood of night frost. Not all May night frosts 
observed in the orel region were fatal for buckwheat. if 
the frost was due to cold and wet weather, most often a 
partial freezing of seedlings was observed, which, howev-
er, did not always affect the final result, because the sur-
viving plants were sufficient for the formation of a grain 
yield in conditions of reduced competition. interestingly, 
in the Hokkaido experiment, the maximum grain yield 
was obtained in 2007, when the seedlings of the first 
sowing period fell under freezing on May 28 (Honda et 
al., 2010). apparently, the moist marine climate played 
the role of a buffer and did not allow the temperature 
to drop below a critical level, and the inhibition of the 
aboveground biomass growth appeared to be optimal for 
harmonizing the process of seed formation.

Frost together with drought is more dangerous 
when large daily temperature fluctuations are possible, 
for example, from +17 °C during the day to -3 °C at the 
end of the night. The geographical conditions of conti-
nental Canada and siberia suggest a high probability of 
such severe night frosts in late spring. Canadian varie-
ties are quite late-ripening, and for this reason are prone 
to form excess biomass when sowing in the frost-free 
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sufficient to provide flowering and seed formation, which 
in this developmental phase is overlapped with intensive 
vegetative growth.
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effect of sowing date and some organic extracts on organic 
production of sweet corn

Abstract: Field experiment was conducted at the experi-
mental farm of the Central Laboratory for agricultural Climate, 
agricultural Research Center, Giza, egypt, during two succes-
sive seasons of 2017 and 2018. This experiment aims to improve 
the organic production of sweet corn via some organic extracts 
under different sowing dates. The seeds of sweet corn (Misthi 
F1 Hybrid) were planted on three different dates on 15 april, 
10 May and 5 June in both seasons. extracts of compost, vermi-
compost and chicken manure with applying half dose of com-
post were compared to full dose of compost. Results showed 
that early sowing had positive effect on growth, yield and ear 
properties of sweet corn. applying half dose of compost with 
adding vermicompost extract gave the highest growth, yield 
and ear properties of sweet corn without significant differences 
compared to 50 % compost + chicken manure extract treatment 
in plant height and leaves number per plant. The treatments of 
the half dose of compost with adding any organic extracts were 
superior to the full dose of compost in all studied traits. This 
study revealed that early planting (april 15) with applying a half 
dose of compost + vermicompost extract produced the highest 
yield and quality of sweet corn ears.

Key words: sweet corn; sowing date; compost extract; ver-
micompost extract; manure extracts

učinki datuma setve in izvlečkov nekaterih organskih gnojil 
na pridelek sladke koruze

Izvleček: Poljski poskus je bil izveden na poskusni postaji 
Central Laboratory for agricultural Climate, agricultural Re-
search Center, Giza, egypt, v rastnih sezonah 2017 in 2018. Na-
men poskusa je bil izboljšati ekološko pridelavo sladke koruze 
z izvlečki nekaterih organskih gnojil in različnimi datumi setve. 
semena sladke koruze so bila v obeh rastnih sezonah poseja-
na v treh različnih terminih, 15. aprila, 10. maja in 5, junija. 
Učinki izvlečkov komposta, vermikomposta in kokošjega gnoja 
s polovičnim dodatkom komposta so bili primerjani z obravna-
vanjem s polnim dodatkom komposta. Rezulatati so pokazali, 
da je imela zgodnja setev pozitivne učinke na rast, pridelek in 
lastnosti storžev sladke koruze. Uporaba polovičnega odmerka 
komposta z dodatkom vermikomposta je dala najboljšo rast, 
največji pridelek in najboljše lastnosti storžev sladke koruze 
brez značilnih razlik v primerjavi z obravnavanjem s 50 % 
komposta in izvlečkom kokošjega gnoja glede na višino rast-
lin in število listov na rastlino. obravnavanja s polovičnim od-
merkom komposta so bila boljša kot tista s polnim odmerkom 
komposta v vseh preučevanih lastnostih. V raziskavi je bilo 
ugotovljeno, da je bil dosežen največji pridelek in dosežene 
najboljše lastnosti storžev sladke koruze pri zgodnji setvi (15. 
april) in uporabi polovičnega odmerka komposta z dodatkom 
izvlečka vermikomposta. 

Ključne besede: sladka koruza; datum setve; izvleček 
komposta; izvleček vermikomposta; izvlečki gnojil
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1 INTRODUCTION

sowing date greatly affects the growth and yield of 
sweet corn. either early or late cultivation can result in 
lower yield since the probability exists that adverse cli-
matic conditions can happen after planting or during the 
growing season (Nielson et al., 2002). For optimization 
of yield, planting at the appropriate date is very critical 
as delay in sowing date can lead to a linear decrease in 
growth and yield (anapalli et al., 2005, Namakka et al., 
2008, Kamara et al., 2009, Peykarestan and seify, 2012, 
ibrahim et al., 2013, Maga et al., 2015, Rah Khosravani 
et al., 2017, Kaur and Kaur, 2018). They also indicated 
that early planting in the spring is optimum and more 
efficient than delayed planting.

sweet corn (Zea mays L. var. rugosa) is one of prom-
ising vegetable crops in egypt for local market and ex-
portation. it is different from other maize crops (field 
maize and popcorn), where its kernels have high sugar 
content in the milk or early dough stage. sweet corn has 
been widely considered more beneficial than maize pro-
duction due to the shorter growing season and higher 
sale price, which reduces production costs and eventu-
ally increases farmers’ income (Thakur et al., 2009). in 
addition, its economic values might be double when it is 
organically grown due to increasing consumer’s demands 
and limited supply of it. 

organic farming products are becoming very es-
sential in today’s world to maintain the ecosystem and 
human health; there is a growing global demand for or-
ganic products in the world. The total organic area in the 
world reached 57.8 million hectares; the cultivated area 
in egypt is about 105.9 thousand hectares according to 
FibL and iFoaM (2018). organic agriculture depends 
on compost as the main source of fertilization. Compost 
is usually added at once before planting, this leads to the 
nutrients available from compost insufficient to crop 
requirements. Consequently, most organic crops need 
some additives that improve growth and productivity 
during the growing season (Gross et al., 2008 and abou-
el-Hassan et al., 2014). some organic extracts (compost, 
vermicompost and chicken manure extracts) can be used 
for improving organic production (Lopez-espinosa et al., 
2013; ibrahim and ibrahim, 2014; Nawar and ibraheim, 
2014).

Compost is an aerobically decomposed organic 
material derived from plants and/or animal residues by 
mesophilic and thermophilic microorganisms (Martens, 
2000 and insam & de bertoldi, 2007). Vermicompost is 
product of organic matter degradation through inter-
actions between earthworms and microorganisms (ed-
wards and Neuhauser, 1988).

organic extracts are a liquid extracts produced from 

soaking various kinds of compost or organic manure in 
water at rate 1 : 5 and is left for a defined period; to create 
a liquid rich in organic and inorganic soluble nutrients 
and a large number of beneficial microorganisms (RoU, 
2007). organic extracts became a common agriculture 
practice in sustainable farming (Gross et al., 2008) as a 
balanced source of nutrients in available form in the rizo-
sphere, growth stimulant and disease suppressor. in addi-
tion to its beneficial impacts on soil physical and chemi-
cal attributes as well as soil biodynamic activity. organic 
extracts have positive effects on plant growth and soil 
properties (abbasi et al., 2002, biocycle, 2004, Gharib 
et al., 2008 and Meshref et al., 2010). Many studies indi-
cated that application of organic extracts enhanced the 
growth, yield and quality for many crops such as abou-
el-Hassan et al. (2002) on cantaloupe, el-tantawy et al. 
(2009) on potato, Ghobrial et al. (2009) and Mahmoud 
(2011) on faba bean, seran and shahardeen (2013) on 
vegetable cowpea, bulalin et al. and Kovacik et al. (2015) 
on maize, Rogelio (2017) on sweet corn, Pokhrel et al. 
(2017) on tomato and shaheen et al. (2017) on common 
bean.

Therefore, this study aimed to evaluate possibility of 
improving the organic production of sweet corn via some 
organic extracts under different sowing dates.

2 MAterIAls And MetHods 

2.1 eXPeRiMeNtaL site

Field experiment on sweet corn was carried out at 
the experimental farm of the Central Laboratory for ag-
ricultural Climate (CLaC), agricultural Research Cen-
ter, Giza, egypt, during two successive seasons of 2017 
and 2018.

2.2 PLaNt MateRiaL

seeds of sweet corn (‘Misthi F1’ hybrid) were sown 
in the field on three different dates on 15 april, 10 May 
and 5 June in the both seasons.

2.3 soiL PRoPeRties

The experiment was conducted in clay soil using 
drip irrigation system, the soil was analyzed according 
to Fao (1980) and the results are tabulated in table 1. 
Weather data in the experimental region as air tempera-
ture and relative humidity (RH %) were recorded by the 
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meteorological station of CLaC during two growing sea-
sons and the data are presented in table 2.
2.4 eXPeRiMeNtaL PLaN

The soil of the experiment was ploughed and divid-
ed into ridges; each plot included three ridges of 60 cm 
width and 3 m length. The space between plants was 
25 cm on one side of ridge. 

The treatments included three sowing dates (15 
april, 10 May and 5 June) and four fertilizer treatments 
as follow:

1- Full dose of compost (100 % C) as control
2- Half dose of compost (50 % C) + compost extract 

(Ce)

3- Half dose of compost (50 % C) + vermicompost 
extract (Ve)

4- Half dose of compost (50 % C) + chicken manure 
extract (Che)

The design of experiment was split plots with three 
replicates, where the three sowing dates distributed in the 
main plots and the four fertilizer treatments were ran-
domly arranged in the sub plots. The plot area was 6 m2 
(3 m length and 2 m width).

Full and half doses of compost were calculated 
based on nitrogen requirement for sweet corn plants 
(80 kg/ feddan); that were 8.4 and 4.2 tons /feddan (fed-
dan = 0.42 hectare) respectively. These quantities of com-
post were added as one dose during soil preparation. 

The stock solution of compost extract was prepared 

Clay 
%

silt 
%

sand 
% texture pH

eC 
ds m-1

Cations meq-1 anions meq-1

Ca++ Mg++ Na+ K+ HCo3
- Cl- so4

=

48.76 40.91 10.33 silte clay 7.87 1.03 2.32 1.14 5.33 1.52 2.27 4.84 3.13

table 1: Physical and chemical properties of the experimental soil

Months Weeks

First season (2017) second season (2018)
air temperature 
[°C]

Relative humidity 
[%]

air temperature 
[°C]

Relative humidity 
[%]

aver min max aver min max aver min max aver min max
april 1st 20.4 14.8 27.3 55.3 26.4 85.7 20.7 14.8 27.2 55.5 27.4 84.3

2ed 21.5 16.6 26.7 52.3 31.7 82.0 21.1 15.9 26.5 52.9 32.1 79.6
3rd 26.1 18.9 31.0 34.5 15.1 62.7 26.1 18.9 31.0 34.5 15.1 62.7
4th 23.9 18.1 29.2 38.5 21.2 66.6 24.9 18.8 30.2 36.6 20.1 63.7

May 1st 26.1 20.4 30.5 44.1 26.9 74.2 26.7 21.0 33.3 48.9 27.3 75.8
2ed 31.1 23.5 36.5 28.9 15.3 56.5 25.5 19.1 32.3 46.8 24.6 76.6
3rd 28.5 22.9 33.3 36.0 20.0 62.9 28.3 21.5 35.9 43.0 19.2 70.9
4th 30.1 24.7 34.3 29.5 17.5 51.0 29.3 23.5 36.0 44.6 23.7 68.0

June 1st 31.5 26.2 35.8 33.4 20.2 55.9 27.3 21.8 33.7 51.4 27.7 78.7
2ed 30.8 25.3 35.4 39.9 24.6 63.9 29.9 22.6 37.6 46.9 22.2 80.1
3rd 30.9 25.7 35.7 41.9 24.4 65.9 30.9 25.7 35.7 41.9 24.4 65.9
4th 30.0 24.2 35.7 47.6 24.9 76.8 30.0 24.2 35.7 47.6 24.9 76.8

July 1st 32.9 27.5 37.6 45.3 27.0 71.7 30.1 24.6 36.7 55.1 27.2 80.6
2ed 31.7 25.7 37.4 46.6 22.4 77.9 29.9 24.9 36.1 55.4 29.1 79.7
3rd 32.7 27.2 37.5 43.8 23.4 70.4 29.9 24.5 36.7 56.1 30.3 80.5
4th 31.1 26.3 36.1 51.5 30.5 74.0 30.8 25.2 37.2 53.3 28.8 78.0

august 1st 32.4 27.8 36.7 47.4 28.1 72.0 30.7 25.9 36.8 56.9 31.1 80.2
2ed 32.2 28.1 36.5 52.8 36.9 72.9 30.3 25.1 36.5 56.0 28.5 81.7
3rd 31.8 27.1 36.4 45.9 28.0 70.9 29.8 25.1 35.7 55.5 30.6 78.4
4th 30.5 26.2 34.9 48.9 30.3 70.2 29.6 25.0 35.1 57.4 33.3 79.2

table 2: Weekly average of air temperature and relative humidity in Dokki region during growing seasons

aas 116-1.indd   13 29. 09. 2020   08:44:59



Acta agriculturae Slovenica, 116/1 – 202014

S. ABOUL-EL-HASSAN et al.

by soaking 10 l compost in 50 l of water without chlo-
rine for two days and was filtrated by plastic net, the clear 
stock solution was diluted by water without chlorine 
at rate 1 : 10 according to el-shinawy et al. (1999) and 
abou-el-Hassan (2010). The same procedures were fol-
lowed to prepare extracts of vermicompost and chicken 
manure. an air composting process was conducted on 
the chicken manure for three weeks before use. The prop-
erties of compost, vermicompost and chicken manure 
used in preparation of extracts are illustrated in table 3. 
all organic extracts were applied to the soil surface week-
ly at a rate of 1l m-2 beginning after two weeks of planting 
for two months.

2.5 Data ReCoRDeD

sweet corn ears were harvested at early dough stage 
after 75 to 80 days from planting and total yield was re-
corded for each plot. Five plants were randomly taken 
from each plot for measuring plant growth characteristics 
that included plant height from soil surface to the highest 
point of the plant, number of leaves per plant, fresh mass 
of plant and stalk diameter, as well as chlorophyll reading 
in the fourth upper leaf was recorded by using Minolta 
Chlorophyll Meter sPaD 501. Nutrient content of N, P 
and K in sweet corn plants were determined in the fourth 
upper leaf according to Cottenie et al. (1982). total nitro-
gen, phosphorus and potassium were determined by Mi-
cro Kjeldahl, spectrophotometer and flame photometer 
on respectively according to Fao (1980). ten ears from 
each plot were taken randomly at harvest to measure ear 
parameters of mass, length and diameter at central ear. 

total soluble solid (tss) was measured using digital re-
fractometer and total sugars were determined in fresh 
kernels according to aoaC (2005). Dry matter percent 
was determined in 100g of fresh kernels.

2.6 statistiCaL aNaLYsis 

Data of the two seasons were arranged and statisti-
cally analyzed by the analysis of variances according to 
snedecor and Cochran (1980) with sas software, version 
2004. treatment means were compared using tukey test 
at significance level 0.05. 

3 results And dIsCussIon

3.1 GRoWtH CHaRaCteRistiCs 

The growth characteristics for sweet corn plants un-
der different sowing dates and fertilizers were presented 
in tables 4 and 5. Data in both seasons revealed that the 
highest values of growth characteristics were obtained by 
sowing on 15 april followed by 10 May, while the sow-
ing on 5 June gave the lowest values. This result may be 
due to the weather conditions in the early sowing date 
were the most favorable to sweet corn growth more than 
other sowing dates as reported by anapalli et al. (2005), 
Namakka et al. (2008), Kamara et al, (2009), Peykarestan 
and seify (2012) and ibrahim et al. (2013).

The treatment of 50 % compost + vermicompost ex-
tract had the maximum growth characteristics of sweet 
corn plants compared to other treatments in both sea-

item Compost Vermicompost Chicken manure
Density (%) 0.77 0.86 0.54
Mositure (%) 18 22 10
pH 1:10 8.43 8.62 8.82
ec (ds/m) 1:10 4.09 6.34 5.3
oM (%) 28.39 32.03 43.32
oC (%) 17.32 19.54 26.43
ash (%) 81.61 77.98 56.68
C/N ratio 18.2 12.6 13.3
total N (%) 0.95 1.55 1.98
N-NH4 (ppm) 129 48 250
N-No3 (ppm) 65 157 45
total P (%) 0.63 2.22 2.76
total K (%) 1.18 1.90 1.57

table 3: The properties of compost, vermicompost and chicken manure
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Fertilizer 
treatments

Plant height (cm)
First season second season
sowing dates
15-apr 10-May 5-Jun Mean 15-apr 10-May 5-Jun Mean

100 % C 205.3 f 198.7 f 189.7 g 197.9 C 210.3 fg 202.7 g 192.7 h 201.9 C
50 % C + Ce 221.3 cde 218.7 de 214.7 e 218.2 b 224.3 cde 221.0 de 218.3 ef 221.2 b
50 % C + Ve 235.0 a 227.7 bc 225.0 cd 229.2 a 239.3 a 230.7 bc 228.0 cd 232.7 a
50 % C + Che 232.3 ab 224.7 cd 223.3 c 226.8 a 237.0 ab 226.7 cd 225.0 cde 229.6 a
Mean 223.5 a 217.4 b 213.2 C     227.7 a 220.3 b 216.0 C  

Leaf number/plant
100 % C 14.17 ef 13.83 f 12.67 g 13.56 C 14.67 d 14.50 d 13.33 e 14.17 C
50 % C + Ce 16.00 b 15.00 cde 14.33 def 15.11 b 16.00 bc 15.00 cd 14.67 d 15.22 b
50 % C + Ve 17.67 a 16.00 b 15.50 bc 16.39 a 17.67 a 16.17 b 15.83 bc 16.56a
50 % C + Che 17.00 a 15.83 bc 15.17 bcd 16.00 a 17.33 a 16.00 bc 15.50 bcd 16.28a
Mean 16.21 a 15.17 b 14.42 C     16.42 a 15.42 b 14.83 C

stalk diameter (cm)
100 % C 3.04 de 2.97 e 2.70 f 2.90 D 3.11 ef 2.98 f 2.77 g 2.95 D
50 % C + Ce 3.30 c 3.15 d 3.02 de 3.16 C 3.32 cd 3.19 de 3.09 ef 3.20 C
50 % C + Ve 3.62 a 3.44 b 3.38 bc 3.48 a 3.65 a 3.47 b 3.40 bc 3.51 a
50 % C + Che 3.36 bc 3.40 bc 3.37 bc 3.38 b 3.41 bc 3.40 bc 3.39 bc 3.40 b
Mean 3.33 a 3.24 b 3.12 C     3.37 a 3.26 b 3.16 C  

table 4: effect of sowing dates and organic extracts on vegetative growth characteristics of sweet corn plants during 2017 and 2018 
seasons

Means followed in same column by similar letters are not statistically different at 0.05 level according to tukey test.
C = Compost; Ce = Compost extract; Ve = Vermicompost extract; Che = Chicken manure extract

Fertilizer  
treatments

Plant fresh mass (g)
First season second season
sowing dates
15-apr 10-May 5-Jun Mean 15-apr 10-May 5-Jun Mean

100 % C 1.02 e 0.95 f 0.94 f 0.97 D 1.05 e 0.96 f 0.92 f 0.98 D
50 % C + Ce 1.16 c 1.08 d 1.04 e 1.09 C 1.17 d 1.09 e 1.05 e 1.10 C
50 % C + Ve 1.34 a 1.26 b 1.23 b 1.28 a 1.34 a 1.26 b 1.24 bc 1.28 a
50 % C + Che 1.25 b 1.19c 1.16 c 1.20 b 1.26 b 1.19 cd 1.16 d 1.21 b
Mean 1.19 a 1.12 b 1.09 C     1.21 a 1.12 b 1.09 C  
  Chlorophyll reading (sPaD)
100 % C 45.17 ef 45.83 e 42.41 f 44.47 D 49.67 f 49.67 f 46.00 g 48.44 D
50 % C + Ce 52.17 cd 50.67 d 49.84 d 50.89 C 57.33 cd 56.67 de 54.00 e 56.00 C
50 % C + Ve 57.33 a 55.03 ab 54.18 bc 55.51 a 64.33 a 61.00 b 60.33 bc 61.89 a
50 % C + Che 54.33 bc 53.89bc 52.17 cd 53.47 b 61.33 ab 60.67 b 58.67 bcd 60.22 b
Mean 52.25a 51.36 a 49.65 b     58.17 a 57.00 a 54.75 b

table 5: effect of sowing dates and organic extracts on vegetative growth characteristics of sweet corn plants during 2017 and 2018 
seasons

Means followed in same column by similar letters are not statistically different at 0.05 level according to tukey test.
C = Compost; Ce = Compost extract; Ve = Vermicompost extract; Che = Chicken manure extract
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sons. No significant differences between the treatments 
of 50 % compost + vermicompost extract and 50 % com-
post + chicken manure extract in properties of plant 
height and leaf number per plant. The lowest values in 
all growth characteristics of plants were resulted from 
100 % compost treatment. improvement in the growth 
of sweet corn plants with treatment of 50 % compost + 
vermicompost extract may be due to the role of this ex-
tract in the development of the root and enhanced the 
vegetable growth of plants. Where, vermicompost extract 
contains high levels of beneficial microorganism, soluble 
nutrients, organic acids and soluble growth regulators 
(Keeling et al., 2003; edwards et al., 2006; arancon et al., 
2007). These results are confirmed with those obtained 
by Rogelio (2017). He reported that vermicompost ex-
tract could be used as growth enhancers of sweet corn, 
which improved the vegetative growth of plants in terms 
of stalk diameter, plant height and number of leaves per 
plant. 

The interaction between sowing dates and organ-
ic extracts had significant effect on vegetative growth 
characteristics in both seasons. The highest values of all 
vegetative growth parameters were recorded by using 

50 % compost + vermicompost extract with sowing on 
15 april. The lowest vegetative growth parameters were 
obtained by 100 % compost treatment with sowing on 
5 June.

3.2 NUtRitioNaL statUs 

Data in table (6) indicated that sowing on 15 april 
in both seasons gave the highest nutrient content of N, P 
and K in sweet corn leaves without significant differences 
with sowing on 10 May in N and K content of leaves. 
sowing on 5 June gave the lowest N, P and K content. 
The low nutrient content associated with late planting 
may be attributed to shortening the vegetable growth 
period, leading to less vegetable growth (tables 4 and 
5) and lower plant capacity to absorb nutrients. These 
results confirmed with those reported by ibrahim et al. 
(2013) and Rah Khosravani et al. (2017).

The highest concentrations of N, P and K were 
found in plants that treated by 50 % compost + vermi-
compost extract without significant differences with 50 
% compost + chicken manure extract treatment in N 

Fertilizer 
treatments

N (%)
First season second season
sowing dates
15-apr 10-May 5-Jun Mean 15-apr 10-May 5-Jun Mean

100 % C 1.469 g 1.447 g 1.317 h 1.411 C 1.487 f 1.470 f 1.322 g 1.426 C
50 % C + Ce 1.772 e 1.743 e 1.637 f 1.717 b 1.781 e 1.757 e 1.549 f 1.695 b
50 % C + Ve 2.591 a 2.477 bc 2.377 cd 2.481 a 2.593 a 2.493 b 2.389 cd 2.492 a
50 % C + Che 2.507 ab 2.453 bcd 2.367 d 2.442 a 2.527 ab 2.480 bc 2.363 d 2.457 a
Mean 2.085 a 2.030 a 1.924 b     2.097 a 2.050 a 1.906 b

P (%)
100 % C 0.228 f 0.223 f 0.205 g 0.219 D 0.237 e 0.217 fg 1.247 g 0.567 D
50 % C + Ce 0.255 d 0.240 e 0.230 f 0.242 C 0.268 d 0.243 e 0.229 ef 0.246 C
50 % C + Ve 0.378 a 0.358 b 0.348 bc 0.361 a 0.382 a 0.362 b 0.345 bc 0.363 a
50 % C + Che 0.358 b 0.353 b 0.343 c 0.351 b 0.360 b 0.356 bc 0.339 c 0.352 b
Mean 0.304 a 0.294 b 0.282 C   0.312 a 0.295 b 0.540 C

K (%)
100 % C 1.333 g 1.333 g 1.222 h 1.296 D 1.367 g 1.348 g 1.222 h 1.312 D
50 % C + Ce 1.740 e 1.699 ef 1.625 f 1.688 C 1.757 e 1.724 e 1.638 f 1.706 C
50 % C + Ve 2.456 a 2.409 ab 2.370 bc 2.412 a 2.462 a 2.427 ab 2.383 bc 2.424 a
50 % C + Che 2.299 cd 2.296 cd 2.272 d 2.289 b 2.333 cd 2.321 cd 2.285 d 2.313 b
Mean 1.957 a 1.934 a 1.872 b   1.979 a 1.955 a 1.882 b

table 6: effect of sowing dates and organic extracts on nutritional status of sweet corn plants during 2017 and 2018 seasons

Means followed in same column by similar letters are not statistically different at 0.05 level according to tukey test.
C = Compost; Ce = Compost extract; Ve = Vermicompost extract; Che = Chicken manure extract
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content of leaves. While the lowest concentrations of N, 
P and K in plants were obtained by 100 % compost treat-
ment. The superiority of vermicompost extract on com-
post extract might be due to that compost is higher in 
ammonium content, while the vermicompost is higher 
in nitrate content, which is the more available form for 
plant absorption. besides, the nutrients are released from 
vermicompost during short time compared to compost 
and chicken manure. These results are in harmony with 
those obtained by Pant et al. (2011), seran and shahard-
een (2013), bulalin et al. (2015), Kovacik et al. (2015) and 
shaheen et al. (2017).

Regarding the interaction between sowing dates 
and organic extracts, sowing on 15 april with using 50 
% compost + vermicompost extract gave the highest N, P 
and K content of leaves. sowing on 5 June with applying 
100 % compost gave the lowest nutrient content. 

3.3 YieLD aND eaR CHaRaCteRistiCs

Data illustrated in tables 7 and 8 mentioned that 
sowing on 15 april produced the highest values of yield 
and ear characteristics of sweet corn compared to other 
sowing dates in the two seasons. The lowest yield was 
produced by sowing on 5 June. Low yield and ear charac-
teristics in the delayed sowing is often due to unfavorable 
environmental effects such as high temperature, which 
has adverse effects like increase respiration and transpi-
ration rates thus limit the accumulation of photosyn-

thesis products, which reflected in the low yield and ear 
quality (Maga et al., 2015 Kaur and Kaur, 2018).

application of 50 % compost + vermicompost ex-
tract produced the highest yield per plant and plot as well 
as gave the best ear characteristics compared to other 
treatments. The treatment of 50 % compost + chicken 
manure extract came in second order, whereas the treat-
ment of 100 % compost gave the lowest values of yield 
and ear characteristics. The superior vermicompost ex-
tract on other extracts and compost only can be attrib-
uted to its superiority in stimulating vegetable growth of 
plants. Where, this treatment improved of growth char-
acteristics as shown in table 3 and 4, which led to an in-
crease in the process of photosynthesis and better carbo-
hydrate build up, thus improved yield and ear parameters 
of sweet corn. These results are consistent with those ob-
tained by bulalin et al. (2015), Kovacik et al. (2015) and 
Rogelio (2017). They revealed that vermicompost extract 
when used for nutrition of maize plants significantly im-
proved the growth, yield and quality of corn ears. This 
is due to the presence of plant growth promoters and its 
ability to improve the soil condition in rhizosphere zone.

The interaction between sowing dates and organic 
extracts on yield and ear quality were significantly af-
fected each other’s. The highest values were recorded by 
sowing on 15 april with using 50 % compost + extracts 
of vermicompost or chicken manure. The lowest values 
were recorded with sowing on 5 June with adding 100 % 
compost.

Fertilizer  
treatments

Yield/plot (kg 6 m-2)
First season second season
sowing dates
15-apr 10-May 5-Jun Mean 15-apr 10-May 5-Jun Mean

100 % C 12.85 e 13.06 e 10.94 f 12.29 D 14.50 f 12.93 g 11.29 h 12.91 D
50 % C + Ce 16.51 d 16.11 d 12.61 e 15.08 C 19.20 c 15.93 e 13.00 g 16.04 C
50 % C + Ve 20.75 a 19.65 b 16.55 d 18.98 a 22.31 a 19.46 c 17.06 de 19.61 a
50 % C + Che 19.67 ab 18.15 c 15.52 d 17.78 b 20.70 b 17.97 d 16.00 e 18.22 b
Mean 17.44 a 16.74 b 13.90 C   19.18 a 16.57 b 14.34 C
  Yield/plant (g)
100 % C 450.00 f 451.67 f 405.33 g 435.67 D 483.33 f 434.00 g 376.00 h 431.11 D
50 % C + Ce 578.00 de 557.33 e 467.00 f 534.11 C 640.00 c 520.00 ef 433.33 g 531.11 C
50 % C + Ve 726.33 a 679.67 b 613.00 cd 673.00 a 743.67 a 633.67 c 568.67 d 648.67 a
50 % C + Che 689.00 ab 627.67 c 574.67 de 630.45 b 690.00 b 573.33 d 533.33 de 598.89 b
Mean 610.83 a 579.09 b 515.00 C   639.3 a 540.3 b 477.8 C

table 7: effect of sowing dates and organic extracts on yield component of sweet corn plants during 2017 and 2018 seasons

Means followed in same column by similar letters are not statistically different at 0.05 level according to tukey test.
C = Compost; Ce = Compost extract; Ve = Vermicompost extract; Che = Chicken manure extract
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3.4 KeRNeL CoMPositioNs

Data in table 9 showed the effects of organic ex-
tract treatments on kernel compositions for three sowing 
dates of sweet corn in the two seasons. The highest per-
centage of tss, total sugars and dry matter in kernels was 
obtained by sowing on 15 april. The plants that planted 
on 10 May came in second order, whereas the plants that 
planted on 5 June gave the lowest values. This result may 
be due to that the weather conditions in the early sowing 
were the most favorable to plant growth, which increas-
ing the vegetative growth and photosynthesis products 
that translocation to corn kernels (Maddonni et al., 2004, 
ibrahim et al., 2013, Maga et al., 2015).

all treatments of 50 % compost + any organic ex-
tracts increased kernel compositions of tss, total sugars 
and dry matter compared to 100 % compost treatment. 
The highest values of kernel compositions was produced 
by 50 % compost + vermicompost extract. This result 
may be attributed to the positive role of the vermicom-
post extract in improving vegetable growth and nutritive 

status of plants as show in tables 4, 5 and 6, which led 
to increase photosynthesis products that translocation to 
corn kernels. These results are harmony with those re-
ported by bulalin et al. (2015), Kovacik et al. (2015) and 
Rogelio (2017).

The interaction between sowing dates and organic 
extracts had significant effect on kernel compositions. 
The highest values of tss, total sugars and dry matter 
were recorded with sowing on 15 april with using 50 % 
compost + vermicompost extract. The lowest values were 
recorded with sowing on 5 June with adding 100 % com-
post.

4 ConClusIon

it could be concluded that early sowing on april 
had improved the growth, yield and quality of sweet corn 
compared to sowing during May and June. as well as, 
substituting the full dose of compost by half dose of com-
post with adding any extracts of compost, vermicompost 

Fertilizer 
treatments

ear diameter (cm)
First season second season
sowing dates
15-apr 10-May 5-Jun Mean 15-apr 10-May 5-Jun Mean

100 % C 5.50 fg 5.27 g 4.93 h 5.23 D 5.50 g 5.50 g 5.03 h 5.34 D
50 % C + Ce 6.00 bcd 5.70 ef 5.33 g 5.68 C 6.03 cd 5.97 cd 5.63 fg 5.88 C
50 % C + Ve 6.37 a 6.17 b 5.93 cd 6.16 a 6.60 a 6.37 b 5.87 de 6.28 a
50 % C + Che 6.27 ab 6.03 bc 5.73 def 6.01 b 6.40 ab 6.20 bc 5.73 ef 6.11 b
Mean 6.03 a 5.77 b 5.47 C   6.13 a 6.01 b 5.57 C

ear length (cm)
100 % C 24.33 fg 23.33 gh 21.33 h 23.00 C 25.67 gf 24.33 gh 22.33 h 24.11 D
50 % C + Ce 28.67 de 26.67 ef 25.00 fg 26.78 C 29.33 de 27.33 ef 26.33 fg 27.67 C
50 % C + Ve 35.33 a 33.00 ab 31.33 bcd 33.22 a 36.33 a 34.00 ab 32.33 bc 34.22 a
50 % C + Che 33.33 ab 32.33 bc 30.00 cd 30.92 b 34.33 ab 33.00 bc 30.67 cd 32.67 b
Mean 30.42 a 28.83 b 26.92 C   31.42 a 29.67 b 27.92 C

ear mass (g)
100 % C 224.67 f 226.00 f 202.67 g 217.78 D 241.67 f 216.67 g 188.33 h 215.56 D
50 % C + Ce 289.00 de 278.33 e 233.33 f 266.89 C 320.00 c 260.00 ef 216.67 g 265.56 C
50 % C + Ve 363.00 a 339.67 b 306.67 cd 336.44 a 371.67 a 316.67 c 284.33 d 324.22 a
50 % C + Che 344.00 ab 313.67 c 287.33 e 315.00 b 345.00 bcd 286.67 d 266.67 de 299.44 b
Mean 305.17 a 289.42 b 257.50 C  319.58 a 270.00 b 239.00 C

table 8: effect of sowing dates and organic extracts on the characteristics of sweet corn ears during 2017 and 2018 seasons

Means followed in same column by similar letters are not statistically different at 0.05 level according to tukey test.
C = Compost; Ce = Compost extract; Ve = Vermicompost extract; Che = Chicken manure extract
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or chicken manure had improved yield and quality of 
sweet corn. The plants that were sown early (april 15) 
and were given half dose of compost + vermicompost 
extract produced the highest yield and quality of sweet 
corn ears. 
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genetic studies of soybean [Glycine max (l.) Merr.] response 
to seed storage stress factors

Abstract: soybean [Glycine max (L.) Merr.] responded 
differently to storage stress factors. This research work aimed at 
assessing genetic potentials of fifteen soybean varieties to stor-
age stress via accelerated aging technique and grouping them 
based on their levels of tolerance to storage stress using simple 
sequence repeat (ssR). tolerance of the seed of 15 soybean va-
rieties to storage stress was assessed by subjecting them to ac-
celerated aging for 0, 6, 12, and 24 hours at 42 °C temperature 
and 100 % relative humidity (RH), after which their quality was 
assessed to determine their tolerance to storage stress. same 
varieties were also stored for 6 months under ambient environ-
ment at 65 ± 5 % R.H and 25 ± 2 °C and they were genotyped 
with 19 simple sequence repeat (ssR) markers. The varieties 
were grouped on the basis of their levels of tolerance to storage 
stress. The principal components analysis (PCa) showed that 
germination rate index (GRi) and germination index (Gi) were 
the major indices responsible for the significant variation in 
the seedling vigor characters. tGX1835-10e and tGX1448-2e 
were identified as varieties with good storage ability and there-
fore recommended for storage improvement in soybean breed-
ing programs. six ssR markers (satt 565, satt 175, satt 281, satt 
600, satt 160 and satt 281) were identified as candidate markers 
for detection of alleles for tolerance to storage stress.

Key words: soybean; seed accelerated aging; principal 
components analysis (PCa); dendrogram; ssR markers; toler-
ance

genetske raziskave soje [Glycine max (l.) Merr.] v povezavi s 
stresnimi dejavniki pri shranjevanju semena

Izvleček: Genotipi soje (Glycine max (L.) Merill) se 
odzivajo različno na stresne dejavnike med shranjevanjem 
semena. Namen raziskave je bil oceniti genetski potencial 15 
sort semen soje na stres med shranjevanjem pri pospešenih 
tehnikah staranja. Genotipi so bili razvrščeni na osnovi nji-
hove tolerance na stres med staranjem na osnovi enostavnih 
ponavljajočih se zaporedij (ssR) in agronomskih lastnosti. tol-
eranca 15 sort semen soje na stres med shranjevanjem je bila 
ocenjena z izpostavitvijo pospešenemu staranju za 0, 6, 12, in 24 
ur pri 42 °C in 100 % relativni vlažnosti (RH). Nekatere od sort 
so bile shranjene tudi za 6 mesecev v razmerah 65 ± 5 % rela-
tivne vlažnosti in pri 25 ± 2 °C. ti genotipi so bili ovrednoteni 
z markerji na osnovi19 enostavnih ponavljajočih se zaporedij 
(ssR). sorte so se združevale na osnovi njihove tolerance na 
stres med shranjevanjem. analiza glavnih komponent je poka-
zala (PCa), da sta bila indeks hitrosti kalitve (GRi) in kalitveni 
indeks (Gi) najpomembnejša pokazatelja značilne variabil-
nosti v lastnostih, ki označujejo vigor sejank. tGX1835-10e in 
tGX1448-2e sta bili prepoznani kot sorti z dobro sposobnostjo 
shranjevanja in sta priporočeni v žlahtniteljskih programih soje 
za izboljševanje shranjevanja semena. Šest ssR markerjev (satt 
565, satt 175, satt 281, satt 600, satt 160 and satt 281)je bilo 
prepoznanih kot primernih za ugotavljanje alelov odgovornih 
za toleranco na stres med shranjevanjem. 

Ključne besede: soja; pospešeno staranje semen; analiza 
glavnih komponent (PCa); dendrogram; ssR markerji; toler-
anca
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1 IntroduCtIon

soybean (Glycine max (L.) Merrill) is one of the old-
est cultivated leguminous crops (Verma and shoemaker, 
1996). it is one of the most important economical legumes 
in the world, providing protein and oil to food and ani-
mal feed industries, as well as base ingredients for hun-
dreds of chemical products (Hedley, 2001). it is grown 
for its beans, which have numerous uses (Camara, 2000). 
The beans can be processed into various meals, such as 
soy meat, cakes, baby foods, “tofu,” and “dawadawa”- a 
local seasoning product for stews and soups (abbey et 
al., 2001). The ability of the crop to increase dietary qual-
ity of resource-poor people all over the world (Hartman 
et al; 2011) has increased the demand for the beans with 
equivalent increase in its production. Provision of suffi-
cient high-quality seed to farmers at an affordable price 
at the right time is a big challenge because the seeds de-
teriorate rapidly in quality during storage and therefore 
soybean farmers face inadequate supply of quality seed 
during the planting season (Dugjeet al., 2009). However, 
it has been reported that loss of germination potential of 
soybean seed is more acute in tropical and sub-tropical 
regions of the world when compared with temperate en-
vironments (bhatia, 1996). This is because temperature, 
which is one of the major storage stress factor affects the 
storability of the seeds and also causes chemical changes, 

such as hydrolytic and oxidative rancidity (changes in 
oil quality) in the seeds, leading to reduced seed qual-
ity and subsequent loss of viability across time (baskin 
and Delouche, 1973). This resulted into farmers plant-
ing available seed that often has low vigor, which in turn 
affects the yield (Nkang and Umoh, 1997). it has been 
proved that cultivars respond differently to environment 
situations due to their genetic variability (Flajšman et al., 
2019; badu-apraku et al., 2017). Hence researchers have 
explored the use genetic variability among germplasms 
to solve genetic and agronomic problems.

Principal component analysis (PCa) and cluster 
analysis are methods of statistical grouping of germ-
plasm, which provide information regarding the con-
tributions of each character to total variation and group 
individuals based on the their genetic attributes respec-
tively. These two techniques aid effective selection by 
plant breeders and or geneticists in crop improvement 
programs. in solving problem of soybean seed deteriora-
tion during storage, there is need to understand genetic 
traits responsible for tolerance to storage stress, hence 
this research work aimed at assessing genetic constitu-
ents of fifteen soybean varieties and their response to 
storage stress via accelerated aging technique with a view 
to grouping them based on their levels of tolerance to 
storage stress using simple sequence Repeat (ssR) prim-

serial Number Varietal Name source seed colour Days to maturity
initial Germination 
%

Maturity 
group

1 tGX1990-52F iita Milky White 95 - 102 97 i
2 tGX1989-48FN iita Milky White 95 - 110 81 ii
3 tGX1989-49FN iita Milky White 95 - 110 95 ii
4 tGX1835-10e iita Milky White 81- 95 97 00
5 tGX1990-46F iita Milky White 95 - 102 83 i
6 tGX1990-95F iita Milky White 95 - 110 84 ii
7 tGX1987-19F iita Milky White 95 -110 89 ii
8 tGX1990-78F iita Milky White 95 - 105 96 ii
9 tGX1989-53FN iita Milky White 95 - 105 95 ii
10 tGX1989-75FN iita Milky White 95 - 105 83 ii
11 tGX1990-114FN iita Milky White 108 - 115 88 ii
12 tGX1990-110FN iita Milky White 108 - 115 97 ii
13 tGX1440-1e iaR&t Creamy 90-100 89 i
14 tGX1448-2e iaR&t Creamy 108-115 89 ii
15 tGX1740-1e iaR&t Creamy 90-100 79 i

table 1: List of Fifteen varieties of soybean and their attributes

iita: international institute of tropical agriculture
iaR&t: institute of agricultural training and Research
Maturity group classification was according to Yuesheng et al., 2006.
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ers and identifying markers associated with tolerance or 
susceptible alleles in these soybean genotypes. 

2 MAterIAls And MetHods

2.1 eXPeRiMeNtaL MateRiaL aND soURCes

Fifteen (15) soybean varieties were collected from 
international institute of tropical agriculture (iita) and 
institute of agricultural Research and training, obafemi 
awolowo University (i.a.R & t), both in ibadan, Nigeria 
(table 1). 

2.2 eVaLUatioN oF seeDLiNG ViGoR CHaR-
aCteRistiCs

These soybean varieties were subjected to various 
seed quality assessment to determine their initial quality 
attributes. The tests conducted are:

Germination test: Fifty seeds in three replicates of 
each variety were planted in seed bowls filled with ade-
quately moistened river sand. Germinated seedlings were 
counted daily as from 3rd to 6th day after sowing. Percent-
age germination (G %) was determined by finding the 
ratio of normal germinated seed at 6 days after sowing to 
total number of seeds planted according to the method 
suggested by ista (1996) using equation 1 :

 
(equation 1)

Seedling vigor assessment: seedling vigor of the 
germinated seeds was assessed using the seedling vigor 
parameters suggested by various past researchers using 
equations (2) – (5) 

Coefficient of velocity of Germination (CVG): This is 
an estimate of the rapidity of germination of the seed lot 
and it was estimated according to the method described 
by scott et al. (1884). 

    
(equation 2) 

Where: N is the number of seeds germinated each 
day and t is the number of days corresponding to N

Germination Index (GI): This is an index of the speed 
of germination. This was calculated based on method de-
scribed by akande et al. (2012).

 
(equation 3) 

where Nx is the number of normal seedlings that 
emerged on day x after seeding and DaP is days after 
planting

Germination Rate Index (GRI): This reflects the per-
centage of germination on each day of the germination 
period and was calculated according to the method of 
olisa et al. (2010). Higher GRI values indicate higher and 
faster germination (Kedar, 2005).

  
(equation 4) 

where, G = germination on each day after seed 
placement 1, 2, x = corresponding day of germination.

Seedling vigor Index (sVi): seedling length was mea-
sured from five randomly selected seedlings of each rep-
licate from the soil level at 3 and 6 days after planting. 
The sVi was then calculated based on method of adebisi 
et al. (2004).

  
(equation 5) 

2.3 aCCeLeRateD aGiNG PRoCeDURe, GeRMi-
NatioN aND ViGoR test

twenty five grams (25 g) of seeds in three replicates 
of the 15 soybean varieties were artificially aged using 
plastic boxes (11.0 × 11.0 × 3.5 cm) at 100 % relative 
humidity and 42 oC temperature for 6, 12 and 24 hours 
(Jagadishet al., 2013). Germination and seedling vigor 
attributes of the seed lots were determined after each ag-
ing period and compared to initial seed quality. The dif-
ference between the two quality factors determines their 
tolerance ability. 

2.4 aMbieNt seeD stoRaGe

Fifty grams (50 g) of clean seed of each variety was 
packaged into paper envelopes and stored under ambi-
ent environment with average relative humidity (RH) of 
65 ± 5 % and temperature of 25 ± 2 °C in the laboratory 
of Grain Legumes improvement Programme of iaR & t 
ibadan for six months (Demir et al., 2008). each variety 
was replicated three times and the envelopes were ar-
ranged in Completely Randomized Design (CRD). sam-
ples of the stored seed were evaluated after six months of 
storage using procedure described above.

The germination percentage after accelerated ag-
ing and six months ambient storage was deducted from 
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initial germination percentage to estimate the resistance 
ability of each variety, which resulted to the percentage 
germination loss (G loss).

2.5 DNa eXtRaCtioN aND MoLeCULaR 
aNaLYsis FoR stRess toLeRaNCe tRiaL

2.5.1 dnA extraction

Five grams of leave samples were harvested from 
the plant of each variety sown in the green house at 
about two weeks after planting and stored in ice, kept at 
-20 oC and later transported to Plant science Laboratory 
of National institute of science Laboratory technology, 
(NisLt) ibadan, Nigeria for DNa extraction. Genomic 
DNa was extracted using the ZR Plant/seed DNa Mini-
Prep™ kit. DNa quantity and quality was measured using 
Nanodrop® (ND-1000 spectrophotometer) at a 260/280 
absorbance. The ratio of a260/280 absorbance and val-
ues obtained ranged between 1.80 and 2.0, indicates good 
quality DNas.

2.5.2 polymerase Chain reaction

The ssR amplification was carried out with 20 simple 
sequence Repeat (ssR) primers in 11 µl reaction mixture 
consisting of 2.0 μl of template DNa, 1.0 µl each of forward 
and reverse primers, 1.0 µl dNTP mix, 6.0 μl PCR assay buf-
fer. The PCR reactions were performed in a thermo-cycler 
with initial denaturation at 94 °C for five minutes followed by 
35 cycles of denaturation at 94 °C for one minute, annealing for 
30 seconds at 47 °C (56 oC for satt 565 and extension for 30 s 
at 72 °C with a final extension for seven minutes. The amplified 
products were separated on 6.0 % polyacrylamide gel. Gels 
were run for 3 h at 75 V in 1X tbe buffer. DNa fragments 
were visualized under UV light and photographed using gel 
documentation system. an identified band (allele) on gels 
was binary coded as 1 or 0 to indicate their presence or ab-
sence respectively in soybean for each ssR primer. The names 
and sequences of the ssR primers are presented in table 2.

2.6 Data aNaLYsis

Data obtained from accelerated aging and ambient stor-

Name of primer

sequence

at (0C)Forward Reverse

satt423 ttC GCt tGG Gtt CaG tta Ctt Gtt GGG Gaa tta aaa aaa tG 47

satt414 GCG tat tCC taG tCa Cat GCt att tCa GCG tCa taa taa tGC Cta Gaa Cat aaa 47

satt434 GCG ttC CGa tat aCt ata taa tCC taa t GCG GGG tta GtC ttt tta ttt aaC tta a 47

satt285 GCG aCa tat tGC att aaa aaC ata Ctt GCG GaC taa ttC tat ttt aCa CCa aCa aC 47

satt154 aGa taC taa Caa GaG GCa taa aaC t aaa Gaa aCG Gaa Cta ata Cta Cat t 47

satt002 tGt GGG taa aat aGa taa aaa t tCa ttt tGa atC Gtt Gaa 47

satt160 tCC CaC aCa Gtt ttC ata taa tat a Cat Caa aaG ttt ata aCG tGt aGa t 47

satt565 GCG CCC GGa aCt tGt aat aaC Cta at GCG CtC tCt tat Gat Gtt Cat aat aa 56

satt281 aaG CtC CaC atG CaG ttC aaa aC tGC atG GCa CGa Gaa aGa aGt a 47

satt233 aaG Cat aCt CGt CGt aaC GCG GtG Caa aGa tat taG aaa 47

satt600 GCG CaG Gaa aaa aaa aCG Ctt tta tt GCG Caa tCC aCt aGG tGt taa t 47

satt434 GCG ttC CGa tat aCt ata taa tCC taa t GCG GGG tta GtC ttt tta ttt aaC tta a 47

satt285 GCG aCa tat tGC att aaa aaC ata Ctt GCG GaC taa ttC tat ttt aCa CCa aCa aC 47

satt142 GGa Caa Caa CaG CGt ttt taC ttt GCC aCa aaG tta att aat GtC 47

satt545 Caa tGC Cat tCC ata ttt Gtt Caa ttG CCC taG ttt tGa taG 56

satt389 GCG GCt GGt Gta tGG tGa aat Ca GCG CCa aaa CCa aaa Gtt ata tC 47

satt431 GCG tGG CaC CCt tGa taa ata a GCG CaC Gaa aGt ttt tCt Gta aCa 47

satt354 GCG aaa atG GaC aCC aaa aGt aGt ta GCG atG CaC atC aat taG aat ata Caa 47

satt175 GaC CtC GCt CtC tGt ttC tCa t GGt GaC CaC CCC tat tCC tta t 47

satt194 GGG CCC aaC tGa tat tta att Gta a GCG Ctt tGt Gtt CCG att ttG at 47

table 2: The sequence and annealing temperature of the soybean ssR primers 

at- annealing temperature (oC).
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age were subjected to analysis of variance (aNoVa) using 
sas™ software package. Means were separated using Dun-
can Multiple Range test (DMRt) at 5 % level of significance. 
Principal component analysis was conducted using standard-
ized data obtained from the accelerated aging characters to 
determine factors contributing to the variance. Components 
with eigen values > 1.0 were selected and factors with con-
tributing characters values of > 6 were considered relevant 
for principal component (Matus et al., 1999). Varieties were 
then clustered into groups using hierarchical clustering based 
on squared euclidean distance using Past v2.17 software 
(Hammer et al., 2001). Pearson’s coefficients of correlations 
between germination loss and seedling vigor characters 
were determined using staR 2.0.1 software.Genetic diver-
sity, Polymorphic information content (PiC), gene diversity, 
heterozygosity, percentage polymorphism, inbreeding coef-

ficient and average number of alleles were estimated using 
Power Marker v3.0 software (Liu and Muse, 2005). Cluster 
analysis based on euclidean distance coefficient was obtained 
with the unweighted pair-group method based on the arith-
metic mean (UPGMa) to generate the dendrogram using 
Past v2.17 software (Hammer et al., 2001).

3 results

3.1 ResPoNse oF soYbeaN VaRieties to stoR-
aGe stRess

The mean square values for germination loss (G loss), 
coefficient of velocity of germination (CVG), growth rate in-
dex (GRi), germination index (Gi) and seedling vigor index 

soV df Gloss (%) Gi GRi CVG sVi
Rep 2 42.1 5.62 2.63 48.4 14.88
Variety (V) 14 1616.59** 5831.03** 662.92** 233.18** 219.15**
aging Period (a) 4 28786.24** 50587.99** 4723.55** 633.39** 3302.44**
V x a 56 550.62** 1072.86** 114.07** 75.35** 47.64**
error 148 60.91 96.76 10.54 36.95 11.1

table 3: Mean square of soybean viability and other seedling vigor characteristics

*, **significant at p = 0.05 and p = 0.01, respectively
soV: sources of variation; df: Degree of freedom; G loss: Germination loss; Gi: Growth index; GRi: Growth rate index; CVG: Coefficient of velocity 
of germination; sVi: seedling vigor index

Variety G. loss(%) Gi GRi CVG sVi
tGX 1190-52F 32.00ab 85.73fg 25.43g 37.32bcd 15.08ef

tGX 1989-48FN 15.20g 87.67efg 27.26efg 39.65abcd 16.07def

tGX 1989-49FN 18.93efg 103.13c 31.48c 41.27ab 17.57bcde

tGX 1835-10e 1.60h 136.47a 43.45a 43.82a 24.4a

tGX 1990-46F 22.4efd 82.07hg 25.46g 40.41abc 14.99ef

tGX 1990-95F 32.80ab 63.73i 18.26i 30.65e 10.29g

tGX 1987-19F 29.60bc 76.00h 22.64h 36.63bcd 14.09f

tGX 1990-78F 24.53cde 94.87de 28.92def 35.96cd 17.83bcd

tGX 1989-53FN 26.67bcd 88.53efg 26.68fg 39.38abcd 14.95ef

tGX 1989-75FN 37.60a 53.07j 14.84j 29.21e 8.51g

tGX 1990-114FN 13.33g 98.80cd 29.31cde 37.84bcd 19.69bc

tGX 1990-110FN 27.2bcd 90.53ef 25.46g 35.08d 14.03f

tGX 1440-1e 16.53fg 98.20cd 29.92cd 39.79abcd 17.09cde

tGX 1448-2e 4.80h 114.80b 35.08b 40.24abc 19.78b

tGX 1740-1e 13.33g 89.73efg 27.88defg 40.92abc 16.14def

table 4: Mean values of germination loss and seedling vigor parameters of fifteen soybean varieties

Mean followed by the same alphabets are not significantly different at p = 0.05
G loss: Germination loss; Gi: Growth index; GRi: Growth rate index; CVG: Coefficient of velocity of germination; sVi: seedling vigor index
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(sVi) of the fifteen soybean varieties as affected by accel-
erated aging and storage period are presented in table 3. 
There were highly significant differences among soybean 
varieties in respect to their response to storage stress 
(temperature and pressure) as expressed by the germina-
tion loss and all the seedling vigor characteristics (table 
3).

There were significant differences among the soy-
bean varieties with respect to their reactions to storage 
stress as measured by the germination loss and other 
seedling vigor characteristics at p = 0.05 level of signifi-
cance (table 4). Germination loss among the varieties 
ranged from 1.6 % to 37.6 % (as a measure of the differ-
ence in germination % between untreated seed and seed 
after 6 month of aging period). High germination loss 
(37.60 %, 32 %, 32.8 %) was recorded in ‘tGX1989-75FN’, 
‘tGX1190-52F’ and ‘tGX1190-95F’ respectively while 
low germination loss was observed in ‘tGX1835-10e’ 
(1.60) and ‘tGX1448-2e’ (4.80). There was no significant 
difference in the germination loss of ‘tGX1989-48FN’ 
(15.20), ‘tGX 1989-49FN’ (18.93), ‘tGX1990-114FN’ 
(13.33), ‘tGX1440-1e-1e’ (16.53) and ‘tGX1740-1F’ 
(13.33) (table 4). Germination loss (G loss) decreased 
with increasing aging period, for instance the seeds had 

lost germination ability of about 63.73 % as at 6 months 
of aging period. other seedling vigor parameters (Gi, 
GRi, CVG and sVi) decreased with increasing aging pe-
riod (6 hours to 6 months) (table 5).

3.2 CLassiFiCatioN oF soYbeaN VaRieties 
baseD oN ResPoNse oF tHe seeDs to 
stoRaGe stRess

The principal component analysis (PCa) based on 
response of the soybean varieties to storage stress re-
vealed four component axes with eigen values that were 
greater than 1.0. These accounted for 93.97 % of the to-
tal variation. PC1 accounted for 76.16 % of the variation 
with germination rate index and germination index be-
ing the major factor while the second principal com-
ponent (PC2) was responsible for about 17.81 % of the 
variation and was associated majorly with coefficient of 
velocity of germination and germination loss (table 6). 
soybean varieties were clustered into two major groups 
(a and b) based on hierarchical clustering using squared 
euclidean distance. Cluster 1 contained two soybean va-
rieties ((tGX1448-2e and tGX1835-10e). Cluster 2 was 

aging period G loss % Gi GRi CVG sVi
0 hour 0.00d 111.11ab 32.23b 33.98c 17.97b

6 hours 8.00c 113.42a 36.54a 44.14a 27.63a

12 hours 10.22c 108.27b 32.47b 37.08a 12.22b

24 hours 23.56b 87.93c 25.87c 37.08b 12.22c

6 months 63.73a 33.71d 10.52d 36.88b 4.33d

table 5: effect of accelerated aging period on soybean seed viability

Mean followed by the same alphabets are not significantly different at p = 0.05
G loss: Germination loss; CVG: Coefficient of velocity of germination; GRi: Growth rate index;
Gi: Growth index; sVi: seedling vigor index

Characters PC 1 PC 2
Germination loss -0.47 0.27
Germination index 0.50* -0.13
Germination rate index 0.51* -0.022
Coefficient of velocity of germination 0.22 0.96*
seedling vigor index 0.47 -0.01
eigen value 3.81 0.89
% Variance 76.16 17.81
Cumulative 76.16 93.97

table 6: Characters with respect to its principal component (PC), eigen values and variation based on response of the seed to stor-
age stress

*component contributors
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subdivided into three sub-groups. sub-group 1 contained 
two varieties (tGX1990-95F and tGX1989-75eN), 
while sub-group 2 consisted of five varieties (tGX1989-
49FN, tGX1740-1e, tGX1989-49FN, tGX1990-114FN 
and tGX1440-1e-1e) and sub-group 3 comprised six 
varieties (tGX1987-19F, tGX1990-46F, tGX1990-78F, 
tGX1190-52F, tGX1989-53FN and tGX1990-110FN) 
(Figure 1). The scatter plot of how the varieties are close 
to each other based on their response to storage stress 
shows that most of the varieties are similar to each other 
due to high germination loss after storage stress, hence 
they lied on the positive region of component 2. ‘tGX 
1448-2e’, ‘tGX 1990-114FN’ and ‘tGX 1835-10e’ were 
similar to each other based on component 1, which is 
dominated by high germination indices after storage 
stress. ‘tGX-1990-78F’ was partially separated from oth-
er varieties along the lower negative region component 2 
(Figure2). 

3.3 CoRReLatioN betWeeN PaiRs oF GeR-
MiNatioN Loss aND seeDLiNG ViGoR PaRaM-
eteRs at eaCH aGiNG PeRioD

Correlation between pairs germination loss and 
seedling vigor parameters at each and across aging pe-
riod showed that negative and significant association ex-
isted between pair of germination loss and seedling vigor 
parameters at 6 hours, 12 hours, 24 hours, 6 months and 
across aging period (-0.96** to -0.52*) (table 7) Germi-
nation index (Gi) correlated positively and significantly 
with germination growth index (GRi), coefficient of ve-
locity of germination (CVG) and seedling vigor index 
(sVi), mostly at 12 hours, 24 hours, 6 months and across 
aging period (0.61* to 0.99**). also, positive and signifi-
cant relationship was recorded between pair of GRi with 
CVG and sVi, especially at 6 hours, 12 hours, 24 hours, 6 
months and across aging period (0.50* to 0.99**). simi-
larly, CVG correlated significantly and positively with 

figure 1: Dendrogram cluster grouping of 15 soybean varieties based on the response of the seed to storage stress

figure 2: PCa scatter plot of soybean varieties evaluated based on the response of the seeds to storage stress on PC1 and PC2 axes
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G loss % Gi GRi CVG sVi
Before

Gloss - - - - -
Gi - 0.93** 0.43 0.39
GRi - 0.72** 0.29
CVG - -0.06
sVi -

6 hours
G loss Gi GRi CVG sVi

Gloss - -0.52* -0.88** -0.79** -0.86**
Gi - 0.47 0.61* 0.38
GRi - 0.81** 0.96**
CVG - 0.73**
sVi -

12 hours
Gloss - -0.86** -0.85** -0.65** -0.81**
Gi - 0.98** 0.72** 0.92**
GRi - 0.79** 0.90**
CVG - 0.61*
sVi -

24 hours
Gloss - -0.96** -0.95** -0.68** -0.92**
Gi - 0.99** 0.72** 0.96**
GRi - 0.72** 0.96**
CVG - 0.68*
sVi -

6 months
G loss Gi GRi CVG sVi

Gloss - -0.85** -0.96** -0.42 -0.96**
Gi - 0.93** 0.51* 0.94**
GRi - 0.50* 0.99**
CVG - 0.52*
sVi -

Across
Gloss - -0.80** -0.89** -0.88** -0.89**
Gi - 0.85** 0.81** 0.82**
GRi - 0.99** 0.97**
CVG - 0.97**
sVi -

table 7: Pearson correlation between pairs of aging period and germination loss and seedling vigour parameters

* , **significant at p = 0.05 and p = 0.01, respectively
G loss: Germination loss; Gi: Growth index; GRi: Growth rate index; CVG: Coefficient of velocity of germination; sVi: seedling vigor index
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sVi at 6 hours, 12 hours, 24 hours, 6 months and across 
aging period (0.52* to 0.97**).

3.4 CaNDiDate ssR MaRKeRs FoR DeteCtioN 
oF stoRaGe stRess toLeRaNCe aLLeLes 
iN soYbeaN

3.4.1 diversity studies

eighteen out of the nineteen ssR primers (94.74 %) 
used in this study were polymorphic and were able to 
detect ssR markers linked with alleles associated with 
storage stress tolerance among soybean varieties. The 
polymorphic markers produced a total of 72 alleles in 
the 15 soybean varieties. The alleles ranged from two 
to seven per locus, with an average of four alleles per 
primer. Primers (satt 389 and satt 600) had the highest 
number of alleles (seven), and the rests had two to five al-
leles. Principal information content (PiC) values for the 
ssR markers ranged from 0.28 (satt 160) to 0.81 (satt 
389) with an average of 0.57 (table 8).

Five ssR markers (satt175, satt 600, satt 190, satt 
565 and satt 160) clearly discriminated the soybean vari-
eties into tolerant and susceptible varieties. satt 600 had 

two alleles (satt 600100 and satt 600140) that linked with al-
leles in one of the tolerant variety (tGX1835-10e). also, 
some other ssR primers like satt 285 (satt 285160 and satt 
285200) were associated with alleles responsible for sus-
ceptibility to storage stress.

3.4.2 genetic diversity of soybean varieties based on 
ssr molecular markers

Genetic distance among the 15 soybean varieties 
ranged from 0.069 to 0.514 in (tGX1989-75FN, and 
tGX1990-114FN) to (tGX1989-49FN and tGX1440-
1e) respectively with a mean value of 0.265 (table 9). The 
dendrogram grouped the soybean varieties into two main 
groups (a and b). The first main cluster (a) comprised 3 
varieties (tGX1440-1e, tGX1448 and tGX1740) while 
the second main cluster (b) comprised twelve varieties, 
which was sub-divided into four sub-groups sub-cluster 
2 had only one variety (tGX 1835-10e). sub-cluster 
3 comprised four varieties (tGX1190-52F, tGX1989-
48FN, tGX1989-49FN and tGX1990-46F). sub-cluster 
4 had three varieties (tGX1990-46F, tGX1987-19F, 
tGX1990-78F) and sub-cluster 5 consisted of four vari-

s/No Primer MaF Na Naave GD He MP PP %P PiC i
1 satt423 0.40 4.00 2.07 0.66 0.80 0 4 100.00 0.59 -0.18
2 satt414 0.50 3.00 2.40 0.62 1.00 2 1 33.33 0.55 -0.59
3 satt434 0.54 3.00 2.47 0.57 0.93 0 3 100.00 0.49 -0.59
4 satt285 0.50 3.00 3.00 0.50 1.00 3 0 0.00 0.38 -1.00
5 satt154 0.38 3.00 1.47 0.66 0.69 0 3 100.00 0.59 -0.01
6 satt002 0.50 3.00 2.20 0.58 1.00 2 1 33.33 0.49 -0.71
7 satt160 0.83 4.00 1.07 0.30 0.25 0 4 100.00 0.28 0.20
8 satt565 0.43 5.00 3.00 0.62 1.00 0 4 100.00 0.54 -0.60
9 satt281 0.37 6.00 4.33 0.76 1.00 0 6 100.00 0.72 -0.29
10 satt233 0.46 3.00 2.47 0.63 0.93 0 3 100.00 0.55 -0.46
11 satt285 0.50 3.00 2.60 0.53 0.93 0 3 100.00 0.42 -0.72
12 satt142 0.50 2.00 1.73 0.50 1.00 3 0 0.00 0.38 -1.00
13 satt545 0.50 3.00 2.47 0.62 1.00 2 1 33.33 0.55 -0.58
14 satt389 0.23 7.00 2.73 0.83 0.92 0 7 100.00 0.81 -0.07
15 satt431 0.46 5.00 2.00 0.67 1.00 0 5 100.00 2.00 -0.46
16 satt354 0.50 2.00 1.87 0.50 1.00 2 0 0.00 0.38 -1.00
17 saat175 0.40 6.00 2.07 0.69 1.00 0 6 100.00 0.64 -0.42
18 satt600 0.33 7.00 1.80 0.76 0.67 0 7 100.00 0.73 0.16

table 8: Major alleles and polymorphism information content of eighteen ssR markers tested on fifteen soybean varieties

MaF: major allele frequency; Na: number of observed alleles; Naave: average number of alleles; polymorphic alleles; % P: percentage polymorphism; 
PiC: polymorphic information content; i: inbreeding coefficient, He: heritability, MP: percentage monomorphism
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eties (tGX1990-110FN, tGX1990-95F, tGX1989-75FN, 
tGX1990-114FN) (Figure 3).

4 dIsCussIon

seed storability is reported by Clerkx et al. (2004) to 
be a complex trait affected by environmental factors dur-
ing seed formation, harvest and storage, and is usually 
controlled by several genes. The major storage stresses 
that seeds are exposed to are relative humidity and tem-

perature. High germination loss and low seedling vigor 
parameters (Gi, GRi, CVG and sVi) are indicators of 
low tolerance to storage stress imposed through accel-
erated aging and the ambient environment. Kehinde et 
al. (2013) found out that seed scientists have employed 
seeds viability and seedling vigor index to assess seed 
quality and the declined in these parameters have been 
associated with seed deterioration during storage. The 
significant variation observed in germination and other 
seedling vigor characteristics of the soybean varieties in 

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15
V1 - 0.111 0.153 0.375 0.292 0.194 0.236 0.181 0.167 0.139 0.181 0.333 0.306 0.222 0.292
V2 - 0.125 0.403 0.264 0.25 0.208 0.153 0.194 0.194 0.236 0.333 0.361 0.278 0.347
V3 - 0.361 0.278 0.236 0.194 0.167 0.125 0.208 0.222 0.236 0.347 0.292 0.278
V4 - 0.389 0.403 0.389 0.389 0.403 0.375 0.361 0.375 0.514 0.347 0.472
V5 - 0.292 0.194 0.222 0.319 0.236 0.25 0.347 0.264 0.292 0.333
V6 - 0.236 0.236 0.222 0.194 0.181 0.333 0.389 0.278 0.347
V7 - 0.167 0.208 0.181 0.194 0.236 0.236 0.264 0.25
V8 - 0.208 0.125 0.194 0.292 0.375 0.292 0.389
V9 - 0.111 0.125 0.167 0.361 0.25 0.264
V10 - 0.069 0.222 0.306 0.25 0.319
V11 - 0.181 0.292 0.264 0.306
V12 - 0.333 0.361 0.347
V13 - 0.306 0.208
V14 - 0.236
V15 -

table 9: Distance indices among fifteen soybean varieties based on DNa analysis

V1: tGX1990-52F; V2: tGX1989-48FN; V3: tGX1989-49FN; V4: tGX1835-10e; V5: tGX1990-46F; V6: tGX1990-46F; V7: tGX1987-19F; V8: 
tGX1990-78F; V9: tGX1989-53FN; V10: tGX1989-75FN; V11: tGX1990-114FN; V12: tGX1990-110FN; V13: tGX1440-1e ; V14: tGX1448-2e; 
V15: tGX1740-1F

figure 3: Dendrogram of 15 soybean varieties based on their genetic component identified using ssR markers
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this study can be attributed to the genetic makeup of the 
soybean varieties. 

There were variations in the rate of deterioration of 
soybean varieties used in this study. This variation in-
creased as the ageing duration increased. similar result 
was reported by Jagadish et al. (2013) in the aging of forty 
soybean genotypes. This implies that seed deterioration 
of soybean is inevitable; however, varieties differed in 
their responses to aging factor that had been imposed on 
the seed due to storage stress. also, it could be deduced 
that the significant variation observed in germination 
and other seedling vigor parameters under artificial ag-
ing treatments and ambient storage is due to different ge-
netic makeup of the soybean varieties. Therefore, the di-
verse genetic constituent of the soybean varieties makes 
selection for storage stress tolerance possible. adebisi et 
al. (2004) reported that seed quality and longevity per-
formance are components of genetic make-up in soy-
bean. Germination rate index and germination index 
accounted for the major factor to classify the varieties 
based on their tolerance to storage stress. This suggests 
that germination percentage is not the only factor that 
determines seed quality; therefore attention should be 
paid to these seedling vigor characters.

simple correlation analysis has been considered ad-
equate as a rough guide to the magnitude and direction 
of the relationships between two traits (adebisi et al., 
2010). High magnitude of coefficient of correlation (r) 
obtained among pairs of seedling vigor index at 6 hours, 
12 hours, 24 hours, 6 months and across aging period, 
shows a strong association among the parameters and 
each parameter could be used to improve seedling vigor 
in cowpea.This corroborates with the findings of brown 
and Caligari (2008) who reported that high and positive 
association between characters suggests that each of two 
parameters pairs could be controlled by closely linked 
genes, same or similar genes or by genes with pleiotropic 
effects on these parameters. However, negative and sig-
nificant association was obtained between pair of germi-
nation loss and seedling vigor parameters at 6 hours, 12 
hours, 24 hours, 6 months and across aging period. This 
implies that lower percentage germination loss leads to 
higher seedling growth parameters.

The clustering pattern of ssR markers agrees with 
the patterns obtained from accelerating aging imposed 
storage stress as regards grouping of susceptible soybean 
varieties to storage stress. Highly susceptible varieties 
(tGX 1990-95F and tGX 1989-75FN) were clustered 
together in all the trials, therefore this information con-
firms that these varieties will require improvement, if 
their cultivation will continue. ssR markers (satt 600, 
satt 285, satt 175, satt 190, satt 565 and satt 160) clearly 
distinguished the varieties into tolerant and susceptible 

varieties. These markers could have close linkage with 
good storability. ssR primers that were specifically as-
sociated with tolerance alleles (satt 600) and susceptible 
alleles (satt 285, satt 281) identified were considered as 
good candidate markers for screening soybean germ-
plasm for the identification of tolerance and susceptible 
genotypes in soybean breeding programmes. The results 
corroborates the work of Jagadish et al. (2013), singh et 
al. (2008) and Dargahi et al. (2014) that identified same 
ssR markers to have linkage with storability traits in soy-
bean. Hence, these markers are considered good candi-
date molecular markers for identifying alleles linked with 
tolerance or susceptibility to storage stress in soybean.

5 ConClusIon

soybean varieties differ in their response to storage 
stress. ‘tGX1835-10e’ and ‘tGX1448-2e’ were regarded 
as tolerant soybean varieties to storage stress as evident in 
the low germination loss recorded after subjecting them 
to accelerated ageing procedure. This is attributed to in-
herent genetic potentials to withstand storage stress. ssR 
markers satt 565, satt 175, satt 281, satt 600, satt 160 and 
satt 281 associated with storage stress in soybean seed. 
These candidate markers can be further studied on large 
soybean varieties to confirm their linkage with tolerant 
genes. This will be of immense uses to ascertaining their 
ability to soybean germplasm screening for seed storage 
tolerance breeding programs.
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genetic variability and selection criteria of some sunflower 
genotypes under different pollination methods

Abstract: to determinate self-compatible genotypes for 
increasing autogamy yielded, the ten sunflower genotypes were 
sown under four pollination methods i.e., open-, self-, hand- 
and sib-pollinations in a randomized complete block design 
replicated thrice at Kafr-el-Hamam agricultural research sta-
tion, sharkia Governorate, agricultural Research Center, egypt 
during 2018 and 2019 summer seasons. significant variation 
existed for different pollination treatments, genotypes and their 
interactions for all studied traits. among the treatments, open 
pollination followed by sibbing one was regarded as the best 
pollination treatment for head diameter, number of filled seeds 
per head, percentage of seed setting , kernel to hull ratio, seed 
mass per plant, seed yield per fed and seed oil content. auto-
gamy studies revealed that ‘L120’ followed by ‘L92’ and ‘L880’ 
recorded higher proportion of autogamy and self-compatibility. 
Preferred improvement of seed mass per plant may be achieved 
through selecting genotypes having the largest head diameter, 
bigger number of filled seeds per head, the highest proportion 
of seed setting and the heaviest seed, kernel and hull mass as 
proven by high phenotypic and genotypic coefficient of vari-
ation and high heritability coupled with high genetic advance 
(as % of mean) as well as correlation and path analyses at both 
phenotypic and genotypic levels.

Key words: autogamy; heritability; path analysis; sun-
flower

genetska variabilnost in selekcijski kriteriji nekaterih genoti-
pov sončnice pri različnih metodah opraševanja

Izvleček: Za določitev samokompatibilnih genotipov in 
povečanje samooploditve je bilo posejanih deset genotipov 
sončnice z različnimi načini opraševanja in sicer: navskrižno 
opraševanje, samoopraševanje, ročno opraševanje in opraševa-
nje znotraj starševskih linij. Poskus je bil zasnovan kot naključni 
popolni bločni poskus s tremi ponovitvami na Kafr-el-Hamam 
agricultural research station, sharkia Governorate, agricultu-
ral Research Center, egypt, v poletnih rastnih sezonah 2018 in 
2019. Za vse preučevane lastnosti so se pokazale značilne raz-
like glede na način opraševanja, izbrane genotype in njihove 
interakcije. Med obravnavanji sta se navskrižno opraševanje in 
opraševanje znotraj starševskih linij izkazali kot najboljši na-
čin opraševanja glede na premer koška (glave) sončnic, število 
polnih zrn na košek, odstotek nastavka semen, razmerja med 
jedrci in luščinami, maso semen na rastlino, pridelek semena 
na fedan in vsebnost olja v semenu. Preučevanje avtogamije je 
odkrilo, da so imeli genotipi po vrstnem redu ‘L120’, ‘L92’ in 
‘L880’ največji delež samooplodnje in samokompatibilnosti. 
Zaželjeno izboljšanje mase semena na rastlino bi lahko dosegli 
z izborom genotipov, ki imajo največji premer koška, večje šte-
vilo polnih semen na košek, največji nastavek semen, največjo 
maso semen, jedrc in luščin kot je bilo dokazano z velikim fe-
notipskim in genotipskim koeficientom variabilnosti in velike 
dednosti povezano z velikim napredkom v dedovanju (kot po-
prečni odstotek) kot tudi z analizami korelacije med preučeva-
nimi lastnostmi na fenotipski in genotipski ravni.

Ključne besede: avtogamija; dednost; analiza povezanih 
znakov; sončnica
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1 IntroduCtIon

sunflower is a major oilseed crop in the world after 
soybean and groundnut. sunflower as cross-pollinated 
crops, which almost dependent on pollinating insects 
and wind for increasing seed yield. However, only polli-
nating insects and winds are not sufficient to cause maxi-
mum seed yield and quality. Thus, the major challenge of 
plant breeder is to determinate self-compatible genotypes 
for increasing autogamy or selfing yielded in the absence 
of pollinating insects. self-compatible genotypes have 
higher yields than self-incompatible ones, when bees are 
not abundant. Consequently, cultivating self-compatible 
genotypes with high yielding ability offer a great oppor-
tunity to improve seed yield and oil quality of sunflower. 

Pollination methods are important factor for identi-
fying self-compatible genotypes with high yielding abil-
ity. in this concern, seed set under self-pollination condi-
tions is strongly correlated with self-compatibility degree 
(beg et al., 1987). earlier findings of sameena (2003) in-
dicated that pollen blend treatment was the best one fol-
lowed by open pollination, geitonogamy and autogamy, 
due to its enhanced seed setting rate, higher number of 
filled seeds per head, kernel to hull ratio and hence seed 
mass per plant as well as higher seed oil content. in the 
same context, maximum head diameter with less empty 
diameter, seed setting percentage, number of filled seed 
per head, 100 seed mass, seed yield per plant, per plot 
and per ha was obtained by combination of bee pollina-
tion and hand pollination methods than that of other 
pollination ones as recorded by talele (2011) and osman 
and siham (2015).

successful sunflower breeding program depends on 
magnitude of genetic variability in the breeding mate-
rial and knowledge of selection criteria would be effec-
tive in improving seed yield. in this respect, consider-
able amount of genetic variability might be affect days to 
first flowering, days to full flowering, plant height, stem 
diameter, autogamy percentage, self-compatibility per-
centage, head diameter, number of filled seeds per head, 
number of unfilled seeds per head, total number of seeds 
per head, seed setting percentage, 100-seed mass, kernel 
mass (mg), hull mass (mg), hull content (%), kernel to 
hull ratio, seed mass per plant, seed yield per fed and seed 
oil content as reported by sameena (2003), supriya et al. 
(2016), Neelima et al. (2016) and supriya et al. (2017). 
High heritability coupled with high percentage of genet-
ic advance were observed for head diameter, seed mass 
per plant, 100-seed mass, pollen production per plant, 
plant height and percentage of hull mass as reported by 
by Khan and Muhammad (2007), Kalukhe et al. (2010), 
sudrik et al. (2014) and seyed et al. (2014), sheshaiah 

and shankargoud (2015), supriya et al. (2016), Dudhe et 
al. (2017) and baraiya et al. (2018).

Moreover, the selection criteria of correlation and 
path analyses at phenotypic and genotypic levels play a 
vital role in selected the best traits to improve seed mass 
per plant. seed mass per plant highly significant and pos-
itively correlated with 100-seed mass, head diameter and 
number of filled seeds were reported by sowmya et al. 
(2010), Neelima et al. (2012), Prabhakaran et al. (2013), 
Deengra et al. (2013) and Venkanna et al. (2014). seed 
filling percentage, head diameter and hull content per-
centage exhibited good amount of direct effect on seed 
mass per plant and its correlation with these traits were 
also positively significant at both genotypic and pheno-
typic levels and it is indicated that these traits should be 
considered as selection criteria for higher seed yield as 
reported by sowmya et al. (2010), Neelima et al. (2012), 
tyagi and Khan (2013), Deengra et al. (2013) and sanju 
et al. (2018).

Therefore, the present study aimed to find out the 
impact of pollination methods on seed yield and its at-
tributes of some sunflower genotypes, to determinate 
self-compatible genotypes for increasing autogamy or 
selfing yielded in the absence of pollinating insects and to 
identify genetic variability among sunflower genotypes 
and selection criteria for improving yield.

2. MAterIAls And MetHods

2.1 site DesCRiPtioN

Four field experiments was conducted at the experi-
mental Farm of Kafr-el-Hamam Research station, Zaga-
zig, sharkia Governorate, agricultural Research Center, 
egypt (30\ 580 N, 31\ 500e) during the two successive 
summer seasons of 2018 and 2019. 

2.2 eXPeRiMeNtaL DesiGN

The experiment was laid out in randomized com-
plete block design for each pollination method with three 
replications. Pollination methods details were practiced 
as follow; open pollination (oP) was done by left head of 
plant for open pollination without bagging to allow self 
and cross-pollination, self-pollination (sP) was done by 
bagging sunflower heads before commencement of flow-
ering to harvesting time, hand pollination (HP) was done 
by gently rubbing the heads with the help of muslin cloth 
at flowering duration and sib-pollination (siP) was done 
by collecting pollen from males plants of the same geno-
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type and mixed to dust on sunflower heads of receiver 
female plants of the same one. 

each genotype was sown, after harvesting wheat in 
both seasons, in five ridges with a ridge length of 4 m 
spaced at 60 cm between ridges and 30 cm apart. tested 
sunflower genotypes as open pollinated genotypes i.e. 
L125, sakha53, L235, L880, L770, L92, L120, L167, L460 
and L355 were received from oil Crops Research De-
partment, Field Crop Research institute, agricultural 
Research Center, egypt.

2.3 aGRiCULtURaL PRaCtiCes

sunflower genotypes seeds were hand-planted on 
ridges, 60 cm as well as 30 cm apart between hills, dur-
ing the first week of June in both seasons. Plants were 
thinned at 15 days after sowing to secure one plant per 
hill. Fertilizer was added in two equal portions prior to 
the first and the second irrigations in the form of urea 
(46.6 % N). all other cultural practices were applied as 
recommended.

2.4 Data CoLLeCteD

at harvest, five guarded plants were randomly se-
lected from the 2nd and 4th ridges, harvested, tied and left 
to dry to determine yield and yield attributes viz., head 
diameter, number of filled seeds per head, number of 
unfilled seeds per head, total number of seeds per head, 
100-seed mass and seed mass per plant. The seed set per-
cent was calculated by the formula given by Roath and 
Miller (1982) as, seed setting percentage = (number of 
filled seeds/ total seeds) × 100. autogamy and self-com-
patibility percent was calculated by formulae given by 
George et al. (1980) as, autogamy % = percent seed set 
under self-pollination/ percent seed set under open pol-

lination. self-compatibility % = percent seed set under 
hand pollination/ percent seed set under open pollina-
tion. The mass of hulls and kernels recorded by drawing 
100-seeds at random, and then their kernels and hulls 
were separated to record the mass of the separated hun-
dred hulls and kernels. Hull percent was calculated by the 
following formula, Hull % = (Mass of hull / total mass of 
seeds) × 100. Kernel to hull (K/H) ratio was calculated 
by dividing the kernel mass of hundred seed by their hull 
mass. Plants of central ridge from each plot were harvest-
ed for determining seed yield per m2 and converted to 
seed yield in kg per fed. seed oil content was determined 
according to aoaC, (1990).

2.5 statistiCaL aNaLYsis

analysis of variance according to Gomez and 
Gomez (1984) for each variable was done using rand-
omized complete block design for all studied traits. Com-
bined analysis of variance across the two seasons was 
done after confirmation of homogenous (table 1) for all 
studied traits using F. max test method of Hartley (1950).

Genotypic and phenotypic coefficients of variation 
(burton and DeVane 1953), estimation of broad sense 
heritability (H2

b) (Hansen et al., 1956), genetic advance 
as percent of the mean (Johnson et al., 1955) were es-
timated. Phenotypic (rp) and genotypic (rg) correlation 
coefficients between two traits such as X and Y were cal-
culated using formula of Weber and Moorthy (1952): rp 
= Covp (X, Y) / (Vp (X) × Vp (Y))0.5, where Cov P (X, Y) = 
Phenotypic covariance of traits X and Y. Vp (X) and VP 
(Y) = Phenotypic variance of trait X and Y, respectively. 
and rg = Covg (X, Y) / (Vg (X) × Vg (Y))0.5, where Covg 
(X, Y) = Genotypic covariance of traits X and Y. Vg (X) 
and Vp (Y) = Genotypic variance of trait X and Y, respec-
tively. Moreover, phenotypic and genotypic path analysis 
(Dewey and Lu 1959) was also done.

item 
head 
diameter

Number of 
filled seeds per 
head

Number of 
unfilled seeds 
per head

total number 
of seeds 
per head

seed setting 
percentage

100.seed 
mass

kernel 
mass 

F. max 1.46 1.13 1.07 1.08 1.07 1.24 1.03
F. tabulated 1.48 1.48 1.48 1.48 1.48 1.48 1.48
significance Ns Ns Ns Ns Ns Ns Ns
item Hull mass Hull content Kernel to hull 

ratio
seed mass per 
plant

seed yield per 
fed

seed oil content

F. max 1.18 1.24 1.12 1.24 1.11 1.43
F. tabulated 1.48 1.48 1.48 1.48 1.48 1.48
significance Ns Ns Ns Ns Ns Ns

table 1: seasonal Hartley tests (F. max) of error variances for all studied traits
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3 results And dIsCussIon

3.1 aNaLYsis oF VaRiaNCe

The combined analyses of variance for all studied 
traits of 10 sunflower genotypes over years and pollina-
tion methods are presented in table 2. in this respect, the 
main effects of years, pollination methods and genotypes 
were highly significant for all studied traits, indicating 
that significant effect of these main effects on the perfor-
mance of all studied traits. The interactions of year with 
pollination methods and with genotypes had insignifi-
cant effect on the performance of all studied traits. This 
indicated that the pollination methods and tested sun-
flower genotypes had the same ranks from year to anoth-
er. Moreover, the insignificant triple interaction among 
year, pollination methods and genotypes was observed 
for all studied traits. This indicated that climatic con-
ditions of two years had the same effect on pollination 
methods and tested sunflower genotypes, hence it was ig-
nored in discussion. However, the interaction of pollina-
tion methods with tested sunflower genotypes was highly 
significant for all studied traits. This indicated that tested 

sunflower genotypes significantly differed from pollina-
tion method to another for all studied traits, hence it was 
considered as important interaction to discussion. simi-
lar significant interactive effect of pollination methods 
with sunflower genotypes were reported by supriya et al. 
(2016), Neelima et al. (2016) and supriya et al. (2017). 

3.2 PoLLiNatioN MetHoDs eFFeCts 

The results of pollination methods in table (3) re-
vealed that there were significant differences between 
various pollination treatments for all studied traits. simi-
lar significant effects of pollination methods were report-
ed by talele (2011) and osman and siham (2015). 

as shown in the combined analysis, obviously, open 
pollination gave the highest values for head diameter, 
number of filled seeds per head, percentage of seed set-
ting, kernel to hull ratio, seed mass per plant, seed yield 
per fed and seed oil content. it exceeds self-pollination 
by 25.10 %, 41.45 %, 44.03 %, 3.55 %, 56.68 %, 57.25 %, 
15.16 %, respectively. This may be due to the effective 
transfer of foreign pollens by pollinating insects to the 

soV df
Head 
diameter

Number of 
filled seeds 
per head

Number of 
unfilled seeds 
per head

total number 
of seeds per 
head

seed setting 
percentage

100.seed 
mass

Kernel 
mass 

Year (Y) 1 ** ** ** ** * ** **
Pollination methods (P) 3 ** ** ** ** ** ** **
Y x P 3 Ns Ns Ns Ns Ns Ns Ns
Reps in Y x P 2 Ns Ns Ns Ns Ns Ns Ns
Genotypes (G) 9 ** ** ** ** ** ** **
P x G 27 ** ** ** ** ** ** **
Y x G 9 Ns Ns Ns Ns Ns Ns Ns
Y x P x G 27 Ns Ns Ns Ns Ns Ns Ns
error 237
soV df Hull mass Hull content Kernel to 

hull ratio
seed mass 
per plant

seed yield 
per fed

seed oil content

Year (Y) 1 ** ** ** ** ** **
Pollination methods (P) 3 ** ** ** ** ** **
Y x P 3 Ns Ns Ns Ns Ns Ns
Reps in Y x P 2 Ns Ns Ns Ns Ns Ns
Genotypes (G) 9 ** ** ** ** ** **
P x G 27 ** ** ** ** ** **
Y x G 9 Ns Ns Ns Ns Ns Ns
Y x P x G 27 Ns Ns Ns Ns Ns Ns
error 237

table 2: Combined analysis of variance for all studied traits of 10 sunflower genotypes over two years and four pollination methods
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receptive stigma, thereby increasing percentage of seed 
setting and gave higher number of filled seeds per head. 
The reverse was true, with selfing, which pollination had 
the highest values of number of unfilled seeds per head, 
total number of seeds per head, 100-seed mass (g), ker-
nel mass (mg), hull mass (mg) and percentage of hull 
content. it exceeds open pollination by 210.53 %, 3.33 %, 
9.78 %, 14.14 %, 18.16 %and 129.63 % in the respective 
order. other methods, hand and sib-pollination had the 
moderate effect on most of studied traits. 

3.3 GeNotYPiC eFFeCts 

it is apparent from the pooled data in table (4) that 
significant differences were detected among the ten test-
ed sunflower genotypes for all studied traits, indicated 
that there is valuable genetic variation in these genotypes 
to warrant selection for improvement sunflower crop. 
similar significant genotypic effects for all studied traits 
were reported by supriya et al. (2016), Neelima et al. 
(2016) and supriya et al. (2017). irrespective of pollina-
tion methods imposed, ‘sakha 53’ (21.55 cm) followed by 
‘L120’ (19.83 cm) behaved as the largest head diameter; 
‘L120’ (534.95) followed by ‘L880’ (503.37) gave more 
filled seeds per head; ‘L120’ (80.07 %) followed by ‘L92’ 
(76.59 %) had the highest proportion of seed setting; 
‘L355’ (6.76 g) followed by ‘L167’ (6.73 g) possessed the 
biggest mass of 100-seed; ‘L355’ (538.58 mg) followed by 
‘’L880 (535.33 mg) had the biggest mass of kernel; ‘L880’ 
(199.71 mg) followed by ‘L355’ (198.61 mg) expressed the 
highest mass of hull; the highest proportion of hull was 
detected in ‘L355’ (1.07 %) followed by ‘L167’ (0.82 %); 

‘L120’ (2.98 %, 37.28 g, 1022.95 kg and 42.86 %) followed 
by ‘L92’ (2.83 %, 33.83 g, 890.05 kg and 40.21 %) be-
haved as the largest ratio of Kernel to hull, seed mass per 
plant, seed yield per fed and seed oil content, respectively. 
Hence, these genotypes are the best stock for improving 
sunflower crop in terms of most studied traits. 

3.4 PeRCeNtaGe oF aUtoGaMY aND seLF-
CoMPatibiLitY

a genotype is considered self-fertile if the maxi-
mum percentage of seed setting takes place under self-
pollination. among the ten sunflower genotypes as 
shown in Fig. (1), L120 recorded the highest proportion 
of autogamy on one hand (0.664 %) followed by L92 
(0.636 %) and L880 (0.618 %). on the other hand, L120 
(0.839 %), L880 (0.807 %) and L92 (0.806 %) behaved as 
self-compatible sunflower genotypes. This may be due 
to these genotypes possessed a high number of florets 
per unit area, a random orientation of stigmas, and the 
stigma receptive surface vertically presented. Thus, these 
genotypes can be used in sunflower breeding program to 
increasing proportion of self-compatibility. 

3.5 iNteRaCtioN eFFeCts

The interactive effect of pollination methods with 
ten sunflower genotypes was significant for all studied 
traits, as combined analysis shown in table (5), indicated 
that traits of sunflower genotypes especially yield and 
yield-components varied according to pollination meth-

Pollination 
methods

Head diameter 
(cm)

Number of 
filled seeds per 
head

Number of 
unfilled seeds 
per head

total number of 
seeds per head

seed setting 
percentage

100-seed 
mass (g)

Kernel 
mass (mg)

open 19.54 471.92 101.99 573.91 81.52 6.07 483.92
selfing 14.63 276.32 316.72 593.03 45.63 6.66 552.33
Hand 17.48 340.78 201.15 541.93 62.00 6.52 535.63
sibbing 18.95 444.22 132.72 576.93 76.41 6.26 505.03
LsD5% 0.24 1.55 1.55 2.28 0.21 0.05 1.46
Pollination 
methods

Hull mass 
(mg)

Hull content 
(%)

Kernel to hull 
ratio

seed mass per 
plant (g)

seed yield per 
fed (kg)

seed oil content (%)

open 172.99 0.39 2.80 42.62 1112.22 42.08
selfing 204.40 0.89 2.70 18.46 475.44 35.70
Hand 189.05 0.60 2.84 25.27 773.90 37.49
sibbing 183.71 0.44 2.75 35.42 953.64 39.96
LsD5% 1.20 0.01 0.02 0.51 10.38 0.36

table 3: Comparison of means of pollination methods for all studied traits across 2018 and 2019 seasons
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sunflower 
genotypes

Head 
diameter 
(cm)

Number of 
filled seeds 
per head

Number of 
unfilled seeds 
per head

total number 
of seeds 
per head

seed setting 
percentage

100-seed 
mass (g)

Kernel mass 
(mg)

L125 16.45 349.12 173.17 522.28 66.82 6.55 522.50
sakha 53 21.55 379.45 206.02 585.47 64.66 6.04 506.42
L235 17.21 376.61 171.39 548.00 69.05 6.51 518.21
L880 18.60 503.37 198.52 701.89 71.99 6.16 535.33
L770 16.08 321.95 180.00 501.95 64.32 6.59 528.33
L92 18.26 452.70 139.17 591.87 76.59 6.28 506.75
L120 19.83 534.95 131.83 666.78 80.07 5.70 492.83
L167 15.79 264.95 245.50 510.45 51.97 6.73 532.50
L460 17.68 420.20 154.50 574.70 73.23 6.42 510.83
L355 15.06 229.78 281.33 511.12 45.19 6.76 538.58
LsD 5% 0.37 2.45 2.46 3.60 0.33 0.07 2.31
sunflower 
genotypes

Hull mass 
(mg)

Hull content 
(%)

Kernel to hull 
ratio

seed mass per 
plant (g)

seed yield per 
fed (kg)

seed oil content (%)

L125 188.58 0.58 2.77 30.96 795.79 38.32
sakha53 190.30 0.54 2.66 28.48 849.66 40.06
L235 186.70 0.52 2.78 31.54 822.01 39.14
L880 199.71 0.41 2.68 28.45 824.84 38.48
L770 190.43 0.64 2.78 29.61 770.06 37.77
L92 178.80 0.41 2.83 33.83 890.05 40.21
L120 166.05 0.32 2.98 37.28 1022.95 42.86
L167 191.89 0.82 2.78 26.75 746.59 36.51
L460 184.30 0.46 2.78 32.36 842.15 39.69
L355 198.61 1.07 2.71 25.14 723.89 35.04
LsD 5% 1.90 0.02 0.03 0.81 16.42 0.57

table 4: Comparison of means of ten sunflower genotypes for all studied traits across 2018 and 2019 seasons 

figure 1: autogamy percentage and self-compatibility percentage of ten sunflower genotypes across 2018 and 2019 summer seasons
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interaction 
Head diameter 
(cm)

Number of 
filled seeds per 
head

Number of un-
filled seeds 
per head

total number of 
seeds per head

seed setting 
percentage

100-seed 
mass (g)

Kernel mass 
(mg)

oP x L125 17.67 428.12 93.25 521.37 82.12 6.20 489.83

oP x sakha 53 25.67 459.78 125.33 585.12 78.58 5.72 467.50

oP x L235 18.63 449.10 88.81 537.91 83.49 6.18 478.33

oP x L880 20.10 608.12 95.68 703.79 86.41 5.97 507.50

oP x L770 17.42 422.45 97.92 520.37 81.18 6.21 494.17

oP x L92 19.87 534.45 58.93 593.38 90.07 6.02 473.83

oP x L120 22.35 626.45 50.92 677.37 92.49 5.55 458.83

oP x L167 17.38 356.45 155.58 512.03 69.61 6.35 496.17

oP x L460 19.10 517.45 77.92 595.37 86.91 6.08 475.50

oP x L355 17.17 316.78 175.58 492.37 64.34 6.38 497.50

sP x L125 13.67 247.12 293.25 540.37 45.73 6.81 551.17

sP x sakha 53 17.88 266.12 328.92 595.03 44.72 6.41 540.83

sP x L235 14.47 302.12 292.25 594.37 50.83 6.76 548.50

sP x L880 15.53 394.12 344.25 738.37 53.38 6.37 567.50

sP x L770 13.23 214.12 308.58 522.70 40.96 6.90 565.17

sP x L92 15.38 356.12 265.58 621.70 57.28 6.54 538.50

sP x L120 17.10 409.12 257.25 666.37 61.41 6.01 523.83

sP x L167 12.87 152.12 374.25 526.37 28.90 7.04 567.50

sP x L460 14.73 318.12 277.58 595.70 53.40 6.71 545.50

sP x L355 11.45 104.12 425.25 529.37 19.66 7.07 574.83

HP x L125 16.68 295.12 190.58 485.70 60.76 6.65 536.17

HP x sakha 53 20.07 325.78 216.58 542.37 60.07 6.19 531.83

HP x L235 17.40 319.12 189.25 508.37 62.77 6.63 535.17

HP x L880 18.55 478.12 207.92 686.03 69.69 6.64 549.17

HP x L770 16.03 291.12 194.58 485.70 59.94 6.68 539.17

HP x L92 18.17 397.12 149.92 547.03 72.60 6.43 529.17

HP x L120 19.33 491.12 141.92 633.03 77.59 5.79 515.83

HP x L167 15.77 228.12 257.25 485.37 47.00 6.81 541.50

HP x L460 17.90 388.12 165.58 553.70 70.09 6.53 533.17

HP x L1250 14.93 194.12 297.92 492.03 39.45 6.84 545.17

siP x L355 17.80 426.12 115.58 541.70 78.66 6.55 512.83

siP x sakha 53 22.57 466.12 153.25 619.37 75.26 5.86 485.50

siP x L235 18.33 436.12 115.25 551.37 79.10 6.49 510.83

siP x L880 20.20 533.12 146.25 679.37 78.47 5.64 517.17

siP x L770 17.63 360.12 118.92 479.03 75.18 6.59 514.83

siP x L92 19.63 523.12 82.25 605.37 86.41 6.13 485.50

siP x L120 20.53 613.12 77.25 690.37 88.81 5.46 472.83

siP x L167 17.13 323.12 194.92 518.03 62.37 6.72 524.83

siP x L460 19.00 457.12 96.92 554.03 82.51 6.37 489.17

siP x L355 16.70 304.12 226.58 530.70 57.30 6.75 536.83

LsD 5% 0.74 4.90 4.91 7.20 0.66 0.15 4.61

table 5: Comparison of means of pollination methods interaction with ten sunflower genotypes across 2018 and 2019 summer 
seasons

oP: open pollination, sP: self-pollination, HP: hand-pollination and siP: sib-pollination
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interaction
Hull mass 
(mg)

Hull content 
(%)

Kernel to hull 
ratio

seed mass per 
plant (g)

seed yield per 
fed (kg)

seed oil content 
(%)

oP x L125 174.97 0.41 2.80 42.77 1058.32 41.60

oP x sakha 53 171.23 0.37 2.73 41.51 1183.29 42.79

oP x L235 170.52 0.38 2.81 43.54 1103.32 43.12

oP x L880 180.80 0.30 2.81 39.64 1147.50 41.72

oP x L770 178.63 0.42 2.77 42.17 1025.86 40.25

oP x L92 164.73 0.31 2.88 46.50 1176.32 44.11

oP x L120 149.53 0.24 3.07 48.98 1352.95 45.15

oP x L167 180.80 0.51 2.75 39.50 995.90 39.36

oP x L460 167.60 0.32 2.84 43.72 1119.19 43.56

oP x L355 191.07 0.60 2.60 37.86 959.51 39.13

sP x L125 208.00 0.84 2.65 19.20 466.24 34.72

sP x sakha 53 209.67 0.79 2.58 17.11 466.93 38.24

sP x L235 206.80 0.68 2.65 19.80 479.53 35.64

sP x L880 209.20 0.53 2.71 14.65 404.00 35.57

sP x L770 208.93 0.98 2.71 17.18 446.16 34.67

sP x L92 191.11 0.54 2.82 21.17 493.70 36.61

sP x L120 185.13 0.45 2.83 24.20 642.11 42.00

sP x L167 209.67 1.38 2.71 16.06 441.73 33.05

sP x L460 203.53 0.64 2.68 20.09 484.64 35.86

sP x L355 212.00 2.04 2.71 15.17 429.33 30.61

HP x L125 186.67 0.63 2.87 25.48 724.45 37.18

HP x sakha 53 197.47 0.61 2.69 24.64 794.77 39.55

HP x L235 185.93 0.58 2.88 26.11 761.40 37.69

HP x L880 210.33 0.44 2.61 25.82 799.93 37.92

HP x L770 187.17 0.64 2.88 24.06 695.90 36.77

HP x L92 183.90 0.46 2.88 29.20 840.51 39.24

HP x L120 171.03 0.35 3.02 34.16 974.37 41.20

HP x L167 188.68 0.83 2.87 18.68 685.58 34.52

HP x L460 185.33 0.48 2.88 27.62 785.18 38.87

HP x L1250 193.95 1.00 2.81 16.93 676.94 31.98

siP x L355 184.70 0.43 2.78 36.41 934.14 39.78

siP x sakha 53 182.83 0.39 2.66 30.67 953.63 39.66

siP x L235 183.57 0.42 2.78 36.72 943.80 40.12

siP x L880 198.50 0.37 2.61 33.70 947.93 38.72

siP x L770 187.00 0.52 2.75 35.02 912.33 39.38

siP x L92 175.47 0.34 2.77 38.46 1049.67 40.88

siP x L120 158.50 0.26 2.98 41.79 1122.37 43.09

siP x L167 188.40 0.58 2.79 32.77 863.13 39.09

siP x L460 180.73 0.40 2.71 38.02 979.57 40.47

siP x L355 197.43 0.65 2.72 30.59 829.78 38.43

LsD 5% 3.79 0.03 0.07 1.61 32.83 1.13

table 5: Continued

oP: open pollination, sP: self-pollination, HP: hand-pollination and siP: sib-pollination
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ods. similar significant interactive effect of pollination 
methods with sunflower genotypes were reported by su-
priya et al. (2016), Neelima et al. (2016) and supriya et al. 
(2017). as shown in pooled data of pollination methods 
interaction with ten sunflower genotypes, the largest head 
diameter (25.67) was recorded by ‘sakha 53’ under open 
pollination, the highest number of filled seeds per head 
(626.45), percentage of seed setting (92.49 %), kernel to 
hull ratio (3.07), seed mass per plant (48.98 g), seed yield 
per fed (1352.95 kg) and seed oil content (45.15 %) was 
recorded by ‘L120’ under open pollination. Conversely, 
the biggest mass of 100-seed (7.07), kernel (574.83), hull 
(212.00) and hull content (2.04) was detected in ‘L355’ 
with self-pollination. This indicated that possibility se-
lection of genotypes on pollination methods, where per-
formance of genotypes varied according to pollination 
method used. 

3.6 GeNetiC VaRiabiLitY

to have better understanding of the extent of genet-
ic variability for the ten sunflower genotypes, phenotypic 
(PCV)and genotypic (GCV) coefficient of variation, 
heritability in broad sense (H2b) and expected genetic 
advance as percent mean were computed for all studied 
traits as presented in table (6). Phenotypic coefficient of 
variation (PCV) was slightly higher than genotypic coef-
ficient of variation (GCV) for all studied traits, indicat-
ing negligible influence of environmental conditions on 
the expression of all traits. Consequently, the selection 
would be effective to genetic improvement of the studied 
traits for these materials. High PCV and GCV as shown 

in combined analysis, were observed for head diameter, 
number of filled seeds per head, number of unfilled seeds 
per head, total number of seeds per head, percentage of 
seed setting, percentage of hull content , seed mass per 
plant and seed yield per fed, and dropped to moderate 
for 100-seed mass, hull mass and seed oil content, while 
drastically reduced for kernel mass and kernel to hull ra-
tio. High heritability in broad sense was recorded for all 
studied traits, indicates a genotype can be identified by 
its phenotypic performance, thus making the selection 
more effective for improving these traits. That has been 
observed in earlier studies by Neelima et al. (2012), tyagi 
and Khan (2013), Deengra et al. (2013) and sanju et al. 
(2018).

Heritability in broad sense along with expected ge-
netic advance as percent mean, as shown in table (6), 
is normally more useful in predicting the genetic gain 
under selection than heritability estimates alone as con-
firmed by Johnson et al. (1955). High values of heritabil-
ity coupled with high values of genetic advance percent-
age (more than 20 %) were detected for head diameter, 
number of filled seeds per head, number of unfilled seeds 
per head, total number of seeds per head, percentage of 
seed setting , hull content percentage, seed mass per plant 
and seed yield per fed, indicating the importance of ad-
ditive gene effects in the inheritance of these traits, thus, 
selection for these traits would be effective for improving 
seed mass per plant. High heritability coupled with mod-
erate expected percentage of genetic advance (10-20 %) 
were recorded for 100-seed mass, hull mass and seed oil 
content, indicated that these traits appear to be controlled 
by both additive and non-additive gene action. However 
high heritability coupled with low expected percentage of 

Genetic parameter
Head 
diameter

Number of 
filled seeds 
per head

Number of 
unfilled seeds 
per head

total number 
of seeds per 
head

seed setting 
percentage

100-seed 
mass Kernel mass 

GCV 11.10 25.43 24.75 11.84 16.12 5.10 2.80
PCV 11.24 25.53 24.85 11.94 16.20 5.20 2.87
H2 bs 97.40 99.25 99.22 98.43 98.91 96.17 95.55
GV % 22.56 52.19 50.79 24.21 33.02 10.31 5.64
Genetic parameter Hull mass Hull content Kernel to hull 

ratio
seed mass 
per plant

seed yield 
per fed

seed oil content

GCV 5.07 35.30 2.92 11.43 10.00 5.38
PCV 5.20 38.67 3.14 11.68 10.21 5.55
H2 bs 94.87 83.33 86.58 95.86 95.93 93.83
GV % 10.16 66.39 5.59 23.06 20.17 10.73

table 6: Pooled analysis of genetic parameters for all studied traits across 2018 and 2019 seasons

GCV: Genotypic coefficient of variation, PCV: Phenotypic coefficient of variation, H2bs: broad-sense heritability and GV %: expected genetic ad-
vance as percent of mean
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genetic advance (less than 10 %) were recorded for kernel 
mass and kernel to hull ratio, indicated that an increased 
influence of environmental conditions on this character. 
Thus selection procedure involving progeny testing are 
recommended for this trait.

3.7 assoCiatioN oF tRaits aND PatH aNaL-
Ysis (as seLeCtioN CRiteRia)

Phenotypic and genotypic correlation were esti-
mated between seed mass per plant and its attributes for 
the 10 sunflower genotypes based on average of 2018 and 
2019 summer seasons as presented in table (7). seed 
mass per plant was positively and significant or highly 
significant correlated with head diameter, number of 
filled seeds per head, total number of seeds per head, per-
centage of seed setting and kernel to hull ratio at pheno-
typic and genotypic levels, indicating that selection will 
be more effective for the largest head diameter, more of 
filled seeds, the highest proportion of seed setting and 
kernel to hull ratio. These findings are confirmed by 
those of tyagi and Khan (2013), Deengra et al. (2013) 
and sanju et al. (2018). Furthermore, positive and signifi-
cant or highly significant phenotypic and genotypic cor-
relation was detected among the previous traits i.e. head 
diameter, number of filled seeds per head, total number 
of seeds per head, percentage of seed setting and kernel 
to hull ratio at phenotypic and genotypic levels, indicated 
that selection practiced for any one of the previous traits 
would improve the other ones, especially seed mass per 
plant. Therefore, these traits could be considered as indi-

cators to achieve desirable genetic improvement for seed 
mass per plant of sunflower. 

For further clarification about interrelationships 
between seed mass per plant and its attributes, the phe-
notypic and genotypic path analysis divided phenotypic 
and genotypic correlation into direct and joint effects, 
where seed mass per plant was considered a dependent 
variable and yield attributes were independent variables 
as shown in table (8) and Fig.(2).

a critical perusal of phenotypic and genotypic 
path analysis revealed that seed setting percentage had 
the highest positive direct effects (p = 0.598, G = 1.759) 
on seed mass per plant, followed by kernel mass only at 
genotypic level (1.122). The highest positive direct effects 
of the two previous mentioned traits in addition to their 
highly significant correlation coefficient with seed mass 
per plant indicated that the direct selection through these 
two traits would be effective for sunflower improvement.

Conversely, the direct effects of head diameter, 
number of filled seeds per head, 100-seed mass and hull 
mass on seed mass per plant were negative and negligi-
ble, although their phenotypic and genotypic correlation 
with seed mass per plant were positive and highly sig-
nificant. Consequently, the indirect effects of the previ-
ous mentioned traits would be more effective to improve 
seed mass per plant of these materials than direct ones. 
The highest positive phenotypic and genotypic indirect 
effects on seed mass per plant were detected for head 
diameter (p = 0.367, G = 1.102) through seed setting 
percentage followed by 100-seed mass (p = 0.303, G = 
1.232), kernel mass only at phenotypic level (0.322) and 
hull mass (p = 0.081, G = 0.458); number of filled seeds 
per head via seed setting percentage (p = 0.554, G = 

traits HD Fs UFs ts ss HsM KM HM HC KHR sMP
HD 1 0.70** -0.46** 0.69** 0.61** -0.89** -0.73** -0.41** -0.70** 0.07 0.45**
Fs 0.72** 1 -0.78** 0.90** 0.93** -0.87** -0.64** -0.58** -0.93** 0.44** 0.76**
UFs -0.47** -0.78** 1 -0.43** -0.95** 0.59** 0.76** 0.78** 0.90** -0.63** -0.93**
ts 0.71** 0.90** -0.44** 1 0.68** -0.84** -0.40* -0.30 -0.72** 0.20 0.46**
ss 0.63** 0.93** -0.96** 0.68** 1 -0.74** -0.73** -0.69** -0.98** 0.52** 0.88**
HsW -0.92** -0.89** 0.61** -0.87** -0.76** 1 0.76** 0.62** 0.77** -0.41** -0.66**
KW -0.74** -0.66** 0.78** -0.41** -0.76** 0.78** 1 0.89** 0.70** -0.63** -0.85**
HW -0.42** -0.59** 0.81** -0.30 -0.72** 0.64** 0.92** 1 0.61** -0.91** -0.93**
HC -0.76** -1.01** 0.98** -0.78** -1.04** 0.86** 0.78** 0.70** 1 -0.41** -0.81**
KHR 0.08 0.47** -0.70** 0.20 0.58** -0.45** -0.71** -0.92** -0.53** 1 0.83**
sMP 0.46** 0.79** -0.96** 0.48** 0.91** -0.70** -0.91** -1.01** -0.93** 0.94** 1

table 7: The pooled phenotypic (above diagonal) and genotypic (below diagonal) correlations of seed mass per plant and its attrib-
utes across 2018 and 2019 summer seasons

HD-head diameter, Fs-number of filled seeds per head, UNs-number of filled seeds per head, ts-total number of seeds per head, ss-seed setting 
percentage, HsM-100-seed mass, KM-kernel mass, HM-hull mass, HC-hull content, KHR-kernel to hull ratio and sMP-seed mass per plant
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1.637), followed by 100-seed mass (p = 0.294, G = 1.188), 
kernel mass only at phenotypic level (0.285) and hull mass 
(p = 0.113, G = 0.640); seed setting percentage via 100-seed 
mass (p = 0.251, G = 1.018), followed by kernel mass at 
only phenotypic level (0.326) and hull mass (p = 0.134, G 
= 0.774); 100-seed mass (p = 0.510, G = 0.200) followed 
by number of filled seeds per head (p = 0.069, G = 1.589) 
followed kernel mass at only genotypic level (0.874); ker-
nel mass via head diameter (p = 0.414, G = 0.161) followed 
number of filled seeds per head (p = 0.051, G = 1.175) and 
hull mass via head diameter (p = 0.237, G = 0.092) followed 
by number of filled seeds per head(p = 0.046, G = 1.059). 

it is apparent from the above-mentioned results, it can 
be concluded that preferred improvement of seed mass per 
plant may be achieved through selecting genotypes having 

the biggest head diameter, more number of filled seeds per 
head, the highest proportion of seed setting and the heavi-
est seed, kernel and hull mass. These results agreed with 
those of tyagi and Khan (2013), Deengra et al. (2013) and 
sanju et al. (2018). 

The residual effect being 0.057 and 0.305 at pheno-
typic and genotypic levels, respectively indicated that in-
dependent traits which are included at the phenotypic and 
genotypic path analysis, explained 94.3 and 69.5 % of the 
total variation, respectively in seed mass per plant. The 
highest residual effects of phenotypic and genotypic path 
analyses, indicated that the presence of other traits that are 
not included in the present study were associated with 
the highest effect on seed mass per plant.

traits P1 P2 P3 P4 P5 P6 Correlation 
Head diameter (P1) P -0.571 -0.056 0.367 0.303 0.322 0.081 0.446

G -0.216 -1.279 1.102 1.232 -0.834 0.458 0.462
Filled seeds per head (P2) P -0.402 -0.080 0.554 0.294 0.285 0.113 0.763

G -0.155 -1.786 1.637 1.188 -0.738 0.640 0.787
seed setting percentage (P3) P -0.351 -0.074 0.598 0.251 0.326 0.134 0.884

G -0.135 -1.662 1.759 1.018 -0.848 0.774 0.906
100.seed mass (P4) P 0.510 0.069 -0.443 -0.339 -0.339 -0.121 -0.662

G 0.200 1.589 -1.342 -1.334 0.874 -0.689 -0.703
Kernel mass (P5) P 0.414 0.051 -0.438 -0.258 -0.445 -0.174 -0.850

G 0.161 1.175 -1.329 -1.040 1.122 -0.997 -0.909
Hull mass (P6) P 0.237 0.046 -0.410 -0.210 -0.397 -0.195 -0.930

G 0.092 1.059 -1.262 -0.853 1.037 -1.079 -1.006
Residual effect P 0.057

G 0.305

table 8: Pooled phenotypic (P) and genotypic (G) path analysis of seed mass per plant and its attributes traits across 2018 and 2019 
summer seasons

figure 2a: Phenotypic path diagram for seed mass per plant
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4 CONCLUSION

From above-mentioned results, it can be concluded 
that open pollination followed by sibbing one was supe-
rior to other pollination methods and leading to high 
seed mass per plant and higher accumulation of oil con-
tent. Higher seed yield was achieved due to high seed 
set percent, number of filled seeds per head, high ker-
nel to hull ratio and higher kernel proportion in seed. 
Genotypes L120 followed by L92 and L880 behaved as 
self-compatible sunflower genotypes. selection would be 
more effective to improve seed mass per plant through 
selecting genotypes having the largest head diameter, 
more number of filled seeds per head, the highest pro-
portion of seed setting and the heaviest seed, kernel and 
hull mass as proven by high phenotypic and genotypic 
coefficient of variation and high heritability coupled with 
high genetic advance (as % of mean) as well as correla-
tion and path analyses at both phenotypic and genotypic 
levels.
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effect of uV-C radiation on basic indices of growth process 
of winter wheat (Triticum aestivum l.) seeds in pre-sowing 
treatment

Abstract: an investigation of the effects of UV-C radia-
tion from source having the power of 20 W on improvement of 
seed quality of Ukrainian winter wheat (Triticum aestivum L.) 
six cultivars: ‘Gratsіia Myronivska’, ‘trudivnytsia Myronivska’, 
‘Vezha Myronivska’, ‘Mudrist odeska’, ‘Nyva odeska’ and ‘Lira 
odeska’, has been done. in the performed experiment the UV-C 
irradiation in the range of 50-1000 J m-2 was applied. based on 
the experimental results it is concluded that irradiation of UV-C 
on wheat seeds stimulated the seed vigour and germination. it 
has been established the optimal irradiation dose of UV-C radi-
ation - 250 J m-2 for ‘trudіvnitsia Myronіvska’, ‘Mudrіst odeska’, 
‘Nyva odeska’, ‘Lіra odeska’ cultivars and 500 J m-2 for ‘Hratsіia 
Myronіvska’ and ‘Vezha Myronіvska’ cultivars, which leads 
to maximum effect. The highest biometric indices of seedling 
structural elements were obtained from the seeds of all wheat 
cultivars, for which the values of seed vigour and germination 
were also maximum ones, i.e. at the same irradiation dose.

Key words: seed vigour; germination; UV-C radiation; 
biometric indices; exposure dose

učinki predsetvenega uV-C obsevanja semen ozimne pšenice 
(Triticum aestivum l.) na osnovne indekse rasti

Izvleček: V raziskavi so bili preučevani učinki UV-C ob-
sevanja, moči 20 W, na izboljšanje kakovosti semen sedmih 
sort ukrajinske ozimne pšenice Triticum aestivum‘Gratsіia 
Myronivska’, ‘Trudivnytsia Myronivska’, ‘Vezha Myroni-
vska’, ‘Mudrist Odeska’, ‘Nyva Odeska’ and ‘Lira Odeska’. 
V poskusu je bilo uporabljeno UV-C sevanje jakosti od 50 do 
1000 J m-2. Rezultati so pokazali, da je UV-C sevanje pospe-
šilo vigor pšeničnih semen in njihovo kalitev. Optimalne doze 
UV-C sevanja so bile za ‘Trudіvnitsia Myronіvska’, ‘Mudrіst 
Odeska’, ‘Nyva Odeska’, ‘Lіra Odeska’ 250 J m-2 in 500 J m-2 
za ‘Hratsіia Myronіvska’ in ‘Vezha Myronіvska’. Največje vre-
dnosti biometričnih indeksov strukturnih elementov sejank so 
bile za vse sorte pšenice dosežene pri isti dozi obsevanja kot 
maksimalne vrednosti vigorja semen in kalitve

Ključne besede: vigor semen; kalitev; UV-C sevanje; bi-
ometrični indeksi; izpostavitvena doza
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1 IntroduCtIon

in the context of seed technology, using physical 
methods to increase crop productivity has significant ad-
vantages in comparison with traditional methods of seed 
treatment based on chemical compounds (araújo et al., 
2016). anthropogenic changes of soil, water, and atmos-
phere as a result of using various chemical additives to 
increase plant capacity causes searching of the alterna-
tive safe methods to increase yields. such methods en-
visage the reducing of application of chemical substances 
or their replacement by physical methods. among the 
physical methods used for pre-sowing seed treatment, 
the following ones are studied most of all: magnetic field, 
gamma rays, and UV radiation (Govindaraj et al., 2017; 
surjadinata et al., 2017). The effectiveness of pre-sowing 
seeds treatment with electroozonation was proved (Nor-
mov et al., 2019).

The results of numerous studies confirm the possi-
bility of magnetic field application for pre-sowing treat-
ment and improving the quality of cereal seeds and in 
the bean (balakhnina et al., 2015; Mroczek-Zdyrska et 
al., 2016; Lazim & Nasur, 2017). There are many hypoth-
eses explaining the action of magnetic fields on seeds 
and plants, but they are selective. Therefore, the studies 
to determine the possibility of applying an alternating 
magnetic field as a factor affecting seed material quality 
improvement are being continued at present (Pietrusze-
wski & Kania, 2010; Rochalska et al., 2011).

The biological effect of gamma radiation on the 
main components of wheat cells was studied in ahmed 
et al. (2017) and Nazarenko & izhboldin (2017). it has 
been established that treatment with gamma radiation 
leads to changes in the cell structure and cell membrane, 
photosynthesis, causes the modulation of anti-oxidative 
system and contributes to the accumulation of phenolic 
compounds. This effect depends on the radiation dose. 

During the previous two decades, a considerable 
number of experimental papers have been devoted to the 
study of biological effects and mechanisms of UV radia-
tion influence on plants (semenov et al., 2017; Kondrat-
eva et al., 2019; Pournavab et al., 2019). There are three 
potential targets for UV radiation in plant cells: genetic 
system, photosynthetic system, and membrane lipids. 
These changes ultimately lead to decreased biomass pro-
duction and grain yield. The studies of ultraviolet radia-
tion, its doses and other environmental conditions’ ef-
fect on photosynthesis are of greatest interest (Wenke & 
Qichang, 2012; sugimoto, 2013). 

it should be noted that the effect of UV radiation on 
the biology of seeds and their germination is not well un-
derstood (Rupiasih & Vidyasagar, 2016). it is known, that 
seeds react to UV radiation, both as on wave length pre-

sent in the sunlight (UV-a and UV-b), and wave length 
below 280 nm (UV-C). but, at present, there is still not 
enough information about the possible application of 
UV-C radiation as a stimulating seed treatment. 

The stimulating effect of UV-a radiation on legume 
(Vigna radiata L.) seeds is described in (Hamid & Jawaid, 
2011). it is mentioned here that pre-treatment of seed 
with UV-a (366 nm) radiation improves the germina-
tion rate, specific leaf area, dry mass, length of roots and 
shoots as compare to UV-C (254 nm) exposed seed. it is 
one of the few studies on positive effect of UV-a radia-
tion. 

Ultraviolet-b (UV-b) radiation has long been per-
ceived as a stressor. oxidative stress is flagged as a key 
factor in such UV-b exposure. Measurements of antioxi-
dants and antioxidant genes show that both low and high 
doses of UV-b radiation change reactive oxygen species 
(Ros) metabolism. The elevated level of UV-b radiation 
can cause a deterioration of seed quality, in particular, 
contribute to a decrease in protein content, and the to-
tal amount of free amino acids (Choudhary & agrawal, 
2014). The authors connect the reduction of protein con-
tent with Ros generation, which causes protein oxidative 
damage. another reason of seed quality degradation can 
be the modification and destruction of amino acids un-
der the influence of UV radiation (Peykarestan & seify, 
2012). The obtained results of growth parameters were 
inversely related to the irradiation doses.

Despite the damaging potential of UV-b photons, 
which limits photosynthesis and plant growth (Hideg et 
al., 2013; Choudhary & agrawal, 2014) it becomes more 
evident that UV damage is probably the exception than 
the rule. Thus, the damaging effect of UV-b radiation has 
now been considered rare. The positive effects of UV-b 
radiation cover such important areas as stimulation of 
secondary metabolism, natural means of plant protec-
tion, phyto-reagent production and many others (bal-
laré et al., 2011). However, as a rule, UV-b radiation is 
effective only when it lasts for a sufficiently long period 
of time, usually for several hours or days.

Numerous studies indicate the positive influence of 
UV-C on seed health, germination and seedling strength 
of various crops, and also on physiological and biochem-
ical processes in seeds and plants depends on radiation 
dose (ouhibi, 2014; badridze et al., 2016; Castronuovo 
et al., 2017; semenov et al., 2018a; semenov et al., 2018b; 
Gandhi et al., 2019; sadeghianfar et al., 2019). but, de-
spite extensive experimental material, fundamental and 
applied researches are still necessary to determine the 
optimal irradiation dose, exposure time, depending on 
plant cultivars and the environment (temperature, hu-
midity). 

The aim of this study is to examine the effects of the 
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pre-sowing seed treatment of winter wheat (Triticum aes-
tivum L.) with different doses of UV-C radiation (from 
50 to 1000 J m-2) on the basic parameters of seed quality: 
seed vigour and germination as well as growth param-
eters like length of seedlings shoots and roots.

2 MAterIAls And MetHods

Three winter wheat (Triticum aestivum L.) cul-
tivars from 2018 harvest, ‘Gratsіia Myronіvska’ (1), 
‘trudіvnitsia Myronіvska’ (2) and ‘Vezha Myronіvska’ 
(3), were supplied by the V. M. Remeslo Myronivka in-
stitute of wheat National academy of agrarian sciences 
of Ukraine. Three winter wheat cultivars from 2018 har-
vest, ‘Mudrіst odeska’ (4), ‘Nyva odeska’ (5) and ‘Lіra 
odeska’ (6), were supplied by the Plant breeding and Ge-
netics institute - National Center of seed and Cultivar 
investigation, National academy of agrarian sciences of 
Ukraine. experimental studies were carried out in Grain 
Quality Laboratory of Poltava state agrarian academy 
during 2019.

The seed material was split into two groups: the con-
trol and experimental (UV-C). Control seeds were not 
irradiated. The sample of each cultivar consisted of 100 
seeds. The UV lamp of ZW20D15W type (semenov et al., 
2015), 20 W power was used as irradiation source. The in-
tensity of energy irradiation at a distance of 1 m reached 
62–69 W cm-2. The measurements of UV-C radiation 
dose were conducted with the radiometer “tensor-31” in 
the range of 200-280 nm (tensor LLC, Ukraine) using 
the technique (semenov et al., 2019). 

The seeds of each winter wheat cultivar (100 seeds in 
quadruple repetitions), including control samples, were 
placed in a plastic tray on filter paper moistened with 
distilled water and kept at a temperature of 7 ± 2 °C for 1 
day. seeds were placed in tray at a distance of 0.5 cm from 
each other. Then the cooled samples (except the control 
ones) were irradiated with UV-C doses of 50-1000 J m-2 
with the step of 50 J m-2. The seeds in a single layer were 
UV-C irradiated on a grid with a cell diameter of 2 mm. 
The distance between lamps and samples was 25 cm. ir-
radiation was carried out simultaneously from above and 
below. by varying of exposure time and distance to the 
UV source the necessary radiation dose was created.

The seed samples irradiated with different UV-C ra-
diation doses and the control samples were germinated 
at air temperature of 24 ± 2 °C with the light period of 
12/12 h for 14 days. 

The seed vigour was determined on day 4, and the 
germination (the number of seeds that gave normal seed-
lings in % of 100 seeds) was determined on day 8. as the 
normal seedlings were considered seedlings with root 

equal to or more than the length of a seed, and with shoot 
equal to half of seed length (ista, 2017). Further on, the 
indices of seeds irradiated with different UV-C radiation 
doses were compared with the non-irradiated control 
samples. after 14 days of the experiment biometric mea-
surement were conducted. The basic growth parameters 
such as the average root and seedling lengths were mea-
sured with 0.1 cm precision. biometric measurements 
were performed in quadruple repetitions for selected 30 
seeds at the same physiological age.

The data obtained from the germination and seed 
vigor laboratory tests were analyzed with the statistica 
10.0 software, where a completely randomized scheme 
was applied with a bi-factorial arrangement: Factor 1 
consisted of the six wheat seeds cultivars, and Factor 2 
consisted of the five radiation doses with triplicate rep-
etitions. The statistical data processing was carried out 
to determine whether there was a significant difference 
between the means of the treatments. experimental data 
was also statistically analyzed for the analysis of variation 
(aNoVa) and least significant difference (LsD).

3 results And dIsCussIon

The reaction of six winter wheat cultivars to different 
doses of UV-C radiation, showed the stimulating effect of 
this method of seed treatment. The obtained results of 
seed vigour and germination are presented graphically in 
Figures 1 and 2.

as can be seen from Figure 1, seed vigour of ‘Gratsіia 
Myronіvska’ and ‘Vezha Myronіvska’ cultivars, as a result 
of 500 J m-2 exposure dose, increased by 37 % and 31 %, 
respectively, compared to the control samples. The UV-C 
irradiation wheat seeds by a higher dose of 1000 J m-2 re-
sulted in decrease of seed vigour to 21-25 % as compared 
with the seed vigour at irradiation dose of 500 J m-2 and 
to 17-18 % at irradiation dose of 250 J m-2. it should be 
noted that at seed treatment of ‘Gratsіia Myronіvska’ and 
‘Vezha Myronіvska’ cultivars with a dose of 1000 J m-2 

the number of germinated samples remains at the control 
level (70 %) taking into account measurement accuracy. 
This fact indicates a decrease in effectiveness of high ra-
diation doses impact on the seed vigor of these cultivars 
in comparison with lower radiation doses.

The highest value of seed vigour in ‘trudіvnitsia 
Myronіvska’, ‘Mudrіst odeska’, ‘Nyva odeska’, ‘Lіra odes-
ka’ cultivars was registered at a dose 250 J m-2. Compar-
ing seed vigour after treatment relative to the control one 
can notice an improvement of about 8 % for ‘trudіvnitsia 
Myronіvska’ cultivar, and of about 30-37 % for ‘Mudrіst 
odeska’, ‘Nyva odeska’ and ‘Lіra odeska’ cultivars. in-
creasing of the irradiation dose to 500 J m-2 resulted in 
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decrease of seed vigour to 15-31 % as compared with 
the control. as a result of exposure to a higher dose of 
1000 J m-2, the seed vigour of ‘trudіvnitsia Myronіvska’, 
‘Mudrіst odeska’ and ‘Nyva odeska’ cultivars decreased 
compared with control by 27-44 % and of ‘Lіra odeska’ 
cultivar by 12 %.

Thus, the obtained results confirm that applying 
UV-C irradiation with doses of 500-1000 J m-2 for pre-
sowing seed treatment of ‘Gratsіia Myronіvska’ and 
‘Vezha Myronіvska’ cultivars, and a dose of 1000 J m-2 

for ‘trudіvnitsia Myronіvska’, ‘Mudrіst odeska’, ‘Nyva 
odeska’ and ‘Lіra odeska’ cultivars will definitely have 
worsened effect on the sowing qualities of the studied 
wheat cultivars’ seeds.

The magnitude of seed vigour correlates well with 
germination, which is of interest for present research. 
The stimulating effect of UV irradiation was found for all 
wheat seed cultivars including those with low germina-
tion in control: for ‘Nyva odeska’ and ‘Lіra odeska’ cul-

tivars the control germination amounted of about 64 % 
and 69 %, respectively (Figure 1, 2). 

as a result of UV treatment with a dose 250 J m-2, 
germination of ‘Nyva odeska’ cultivar increased by 30 % 
and amounted to 83.3 %, and germination of ‘Lіra odes-
ka’ cultivar increased by 27 % and amounted to 88 %. it 
should be noted that the germination of ‘Nyva odeska’ 
cultivar after treatment of 500 J m-2 practically did not 
change as compared with the control and amounted 
63 %. The maximum germination of 98 % among all test-
ed cultivars was registered for seeds of ‘Mudrіst odeska’ 
cultivar for irradiation dose of 250 J m-2. The irradiation 
of seeds this cultivar by a dose 250 J m-2 led to an increase 
in germination on 38 % as compared to control seeds.

Weak effect of UV radiation was observed for seeds 
of ‘trudіvnitsia Myronіvska’ cultivar at irradiation doses 
of a smaller range from 50 to 200 J m-2. only as a result 
of seed treating by dose of 250 J m-2 the germination in-
crease by 10.7 % was observed.

figure 1: The effect of different dose of UV-C treatment on seed vigour of winter wheat seeds

figure 2: effect of pre-sowing wheat seed treatment with different dose of UV-C radiation on germination
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The seeds of ‘Gratsіia Myronіvska’ and ‘Vezha 
Myronіvska’ cultivars turned out to be the most sensitive 
to UV-C of 500 J m-2 exposure doses as in determining 
seed vigour. Germination of these cultivars after treat-
ment increased by 31.1 % and 21.1 %, respectively, com-
pared with the control.

With increasing radiation dose to 1000 J m-2 there 
was a decrease of germination by 6-13 % for ‘Mudrіst 
odeska’, ‘Nyva odeska’ and ‘Lіra odeska’ cultivars (Fig-
ure 2). at such radiation dose, the lowest germination 
of ‘trudіvnitsia Myronіvska’ cultivar seeds (about 45 %) 
was registered, which on 40 % lower the germination of 
the control sample (75 %). This is the lowest index of ger-
mination for all the tested cultivars obtained as a result 
UV-C radiation treatment.

it can be determined from the established depen-
dence of seed vigor and germination on UV-C radiation 
dose (Figure 1, 2) that the optimal dose for pre-sowing 
seed treatment of the ‘trudіvnitsia Myronіvska’, ‘Mudrіst 
odeska’, ‘Nyva odeska’, ‘Lіra odeska’ cultivars is 250 J 
m-2 and 500 J m-2 for ‘Hratsіia Myronіvska’ and ‘Vezha 
Myronіvska’ cultivars. as a result of seed treated with 
optimal doses the seed vigor and germination are the 
highest. our results confirm the data from the study by 
tertyshnaya et al. (2018) on examining the impact of 
UV-b radiation (365 nm) on seed germination of spring 
and winter wheat. The authors have shown that wheat 
germination ‘Moskovskaya 39’ (67 %), ‘Yubileynaya 
100’ (92 %), ‘Dar’ya’ (98 %) and ‘afina’ (99 %) cultivars 
increased by 1-3 % as a result of seed treatment. insig-
nificant germination increases as compared to our results 
can be explained by the difference in wavelength of UV-b 
and UV-C ranges, and as a consequence, different irra-
diation efficiencies.

a significant increase in germination by 38 % at 
the established optimal radiation dose of 250 J m-2 ob-
tained in present study (the investigated range is 50-1000 
J m-2) is in consistent with results observed in Rupiasih 
& Vidyasagar (2016), where the influence of different pe-
riod of exposure (30, 60, 90, 120 and 180 minutes) using 

a UV-С source from Pride (240 V, 50 Hz; 20 W) on the ef-
fectiveness of wheat seeds germination has been studied. 
The results showed that there is no direct dependence be-
tween the exposure periods and seed germination. Max-
imum germination of 96.7 % was recorded at 180 min 
UV-C irradiation treatment, and it was low (83.3 %) at 60 
min UV-C treatment that is equal to control. at the same 
time, the minimum germination of 67 % was recorded at 
120 min treatment (Rupiasih & Vidyasagar, 2016).

The similar dependence was also observed for seeds 
of other crops, as shown in study by siddiqui et al. (2011). 
an experiment was conducted on seeds of mung bean 
(Vigna radiata (L.) Wilczek and groundnut (Arachis hy-
pogaea L.) exposed to ultraviolet (UV-C < 280 nm) radia-
tions for 0, 5, 10, 15, 20, 30 and 60 minutes’ period. as 
a result, the optimal exposure time leading to the seed 
stimulation of these crops was determined. UV-C expo-
sure seed for 30 min period gave significant result in in-
crement of germination of mung bean (up to 100 %) and 
groundnut (up to 86.66 %).

according to the results of multi-factor analysis of 
variance (Factorial aNoVa) it has been revealed that 
cultivars properties play an important role in genotype 
reaction on irradiation factor in determining seed vigor 
(LsD05 = 2.0%). The value of least significant difference 
(LsD05) was 4.5 % for factor interaction and 5.0 % for the 
index of seed laboratory germination.

Thus, it was found that 28 % of the total seed vigor 
variation is explained by cultivar properties, and 67 % 
due to the radiation dose. For germination indices, these 
values were almost the same, namely 46 % of the total 
germination variation was stipulated by cultivar charac-
teristics, and 47 % – by radiation dose.

The analysis of variance (table 1) showed that wheat 
cultivar characteristics play a much smaller role for seed 
vigor as compared with germination.

The value of F criterion in calculating seed vigor for 
the cultivar factor and for the radiation dose factor was 
117.38 and 285.36 respectively. The value of germination 
depended on cultivar characteristics and irradiation dose 

effect
Univariate tests of significance for seed vigour/germination, %
ss Degree of freedom Ms F p

intercept 551265,3 / 646197,4 1 551265,3 / 646197,4 76920,74/76023,22 0,00
Cultivar 4206,0 / 5308,3 5 841,2 / 1061,7 117,38 / 124,90 0,00
Dose, J m-2 10225,4 / 5516,1 5 2045,1 / 1103,2 285,36 / 129,79 0,00
Cultivar* Dose, J m-2 4081,2 / 4014,3 25 163,2 / 160,6 22,78 / 18,89 0,00
error 516,0 / 612,0 72 7,2 / 8,5

table 1: Result of the variance analysis to determine the seed vigour and germination

Note: The table shows the main results of the analysis: sum-of-squares (ss), Mean squares (Ms), Degree of freedom, value of F criterion (F), sig-
nificance levels (p).
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almost equally – the interaction of factors at the effect on 
both indicators was F = 124.90 and 129.79 at p < 0.01.

it was also established that with an increase in radia-
tion dose, the correlation value between the seed vigor 
and germination increase from r = 0.74 for the control 
samples to r = 0.88 at radiation dose of 500 J m-2. Lat-
er this correlation weakened. Thus, it was statistically 
founded there is an average and weak inverse correlation 
between the indicators of seed vigour and germination 
and radiation doses.

The regression equation is presented in Figure 3. 
The presence of such conformities indicates the probabil-
ity of the existence of another type of dependence. The 
analysis of the experimental results by non-linear regres-
sion method showed that for the irradiation factor, the 
graphical dependence has the parabola shape. experi-
mental curves and theoretical equations of functions’ de-
pendence of seed vigor and germination on the radiation 

dose are given in Figure 4. The theoretical curves were 
selected in such a way that they reflected the obtained 
experimental dependence. in our case, the equations of 
the quadratic function are best superimposed on the ex-
perimental curves (parabolas of the form Y = b0 + b1X 
- b2X

2). The regression coefficients in this case are valid 
at p <0.01.

it was experimentally established that the highest 
values of seed vigor and germination for ‘trudіvnitsia 
Myronіvska’, ‘Mudrіst odeska’, ‘Nyva odeska’ and ‘Lіra 
odeska’ wheat cultivars were obtained at radiation dose 
of 250 J m-2 and for ‘Gratsіia Myronіvska’ and ‘Vezha 
Myronіvska’ cultivars – at radiation dose of 500 J m-2. 
However, theoretical calculations show that the im-
provement in seed vigor and germination indices can be 
achieved under applying 400-500 J m-2 doses.

two weeks after sprouting, biometric evaluation 
of seedling structural elements was conducted. For this 

figure 3: seed vigour and germination regression plot from UV-C radiation dose

figure 4: experimental and theoretical curves dependence of seed vigour (1, 2) and germination (3, 4) of wheat seeds from dose 
UV-C treatment (1, 3 - theoretical curves; 2, 4 - experimental curves)
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purpose, 30 seedlings in quadruple repetitions were se-
lected carefully (without breaking the root system) from 
each of the trays and length of roots and the aboveground 
parts of plants were measured. The result of UV-C radia-
tion stimulating effect was the improvement of biometric 
indices in all the investigated cultivar seeds. The height 
of seedlings and length of root system depending on the 
dose and cultivar were not the same.

significant effect of UV irradiation on development 
of the root system and aboveground part was observed in 
seeds treated with 250 J m-2 and 500 J m-2 doses of UV-C 
radiation, at which seed vigor and germination had max-
imum values. Length of root system in all wheat cultivars 
increased by 2.0–3.6 times on the average, and length of 
shoots increased by 2.0-3.4 times as a result of irradiation 
(Figure 5, 6). 

The maximum effect of UV-C radiation on root 
length and height of shoots was observed in seeds of 
‘Nyva odeska’ cultivar. so, the length of seedlings roots 

exposed with 250 J m-2 dose 25 times exceeded length 
of roots of control samples (Figure 5, №5) and reached 
202 mm (Figure 5, №5-250), and the height of shoots in-
creased by 14.4 times and amounted to 55 mm (control 
samples – 3.8 mm) as shown at Figure 6. The obtained 
results correlate well with seed vigour and germination 
at dose of 250 J m-2. The values of seed vigour and germi-
nation after treatment compared with the control were 
founded higher of about 37 % and 30 %, respectively. 
The effect of UV-C irradiation (200-280 nm) on bio-
metric parameters of the wheat cultivars studied by us 
turned out to be more significant than that described in 
study tertyshnaya et al. (2018). as it was established in 
our experiments, the length of seedlings roots of all the 
investigated seed cultivars increased by 2-3.6 times, and 
height of shoots – by 2.0-3.4 times, while the authors of 
study tertyshnaya et al. (2018) observed increasing the 
root length of wheat seedlings treated with UV-b rays 
(365 nm) by only 26-60 %. The height of shoots obtained 

figure 5: effect of UV-C radiation on root length of wheat seeds at different exposure dose applied (LsD01 = 2.00 mm)

figure 6: effect of UV-C radiation on shoot length of wheat seeds at different exposure dose applied (LsD01 = 2.2 mm)
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from seeds treated with UV-b for 30 minutes increased 
as compared to control on 30 % in ‘Moskovskaya 39’ cul-
tivar, in ‘Yubileynaya 100’, ‘Dar’ya’ and ‘afina’ cultivars 
– by only 3-5 %. insignificant increases of the seedlings 
root length and shoot height as compared to our results 
can be explained by the difference irradiation efficiencies 
of the UV-b and UV-C ranges.

The effectiveness of UV-C ray pre-sowing treatment 
is shown on the example of mung bean and peanut seeds 
(siddiqui et al., 2011), but the optimum exposure time 
affecting the root length of and seedling height was not 
determined by the authors. so, maximum shoot height 
of 22.38 сm compared with the control (13 cm) was ob-
served when seeds of mung bean were treated with UV-C 
for 15 minutes while root length was increased to 19.58 
cm (control - 10.53 cm) when seeds were treated for 30 
minutes. The increase in shoot length of groundnut seeds 
(6.83 cm vs. 4.91 cm in the control) was attained when 
seeds were treated with UV-C radiation for 60 minutes 
whereas maximum root length was observed in siddiqui 
et al. (2011) when seeds were treated with UV-C for 30 
minutes (18.39 cm vs. 13.62 cm in the control).

Dose-dependent reaction of lettuce seeds treated 
with 0.82 kJ m-2 and 3.42 kJ m-2 of UV-C radiation dose 
was established ouhibi et al. (2014). seed irradiation 
with the lowest dose of 0.85 kJ m-2 contributed to increas-
ing length of roots and pre-serving dry mass under salin-
ity stress.

However, there are experimental studies indicated 
the negative effect of UV-C (254 nm) radiation at differ-
ent period of exposure for 30 and 60 min on seeds of var-
ious crops compared to untreated seeds (Lazim & Nasur, 
2017). so, at 60 min exposure time the lowest seedling 
length (11.09 cm) which reduced by (24.04 %) compared 
to control (14.6 cm) was observed. significant effect in 
root length of sorghum seeds between all treatments pe-
riods was not found.

Thus, the obtained results enable to conclude that 
for different cultivar seeds there is an optimum amount 
of absorbed radiation energy leading to the maximum 
effect. These could be attributed to the difference in the 
structure of the seeds, physiological state, composition, 
and epidermis thickness of the seeds coat. 

4 ConClusIons

The present study shows that UV-C radiation may 
have a significant effect on the sowing properties of 
the tested winter wheat cultivars of Ukrainian selec-
tion. The optimal doses of UV-C radiation - 250 J m-2 
for ‘trudіvnitsia Myronіvska’, ‘Mudrіst odeska’, ‘Nyva 
odeska’, ‘Lіra odeska’ cultivars and 500 J m-2 for ‘Hratsіia 

Myronіvska’ and ‘Vezha Myronіvska’ cultivars were es-
tablished. seed treatment with optimal radiation doses 
of all wheat cultivars contributed to the increase in seed 
vigour by 30-37 %, and germination by 21-38 % as com-
pared to control samples. 

it is shown that UV irradiation positively affects the 
biometric parameters of wheat seedlings. The root sys-
tem of irradiated seed samples is more developed than 
of unexposed ones. as a result of UV-C radiation with 
established doses, the root length in all the studied wheat 
cultivars significantly increased by 2.0-3.6 times, and the 
seedling shoot height - by 2.0-3.4 times. The maximum 
increase in root length by 25 times and shoot height – by 
14.4 times was found in seed seedlings of ‘Nyva odeska’. 

The obtained results are of interest and prove the 
expediency of using UV-С irradiation to increase the 
sowing qualities of large batches of seeds with reduced 
germination. The proposed method of stimulating seeds 
with UV-C radiation can be applied in selection, where 
sometimes there is a threat of losing small amounts of 
valuable breeding material with low seed vigour and ger-
mination. 

5 referenCes

araújo, s. de s., Paparella, s., Dondi, D., bentivoglio, a., Car-
bonera, D., balestrazzi, a. (2016). Physical Methods for 
seed invigoration: advantages and Challenges in seed 
technology.  Frontiers in Plant Science, 7, 646. https://doi.
org/10.3389/fpls.2016.00646

ahmed, s., Khan, W.M., Khan, M.s., akhtar, N., Umar, N., ali, 
s., Hussain, s., & shah, s.s. (2017). impact of gamma radia-
tions on wheat (Triticum aestivum L.) varieties (batoor and 
Janbaz). Pure  and  Applied Biology, 6(1), 218–225. https://
doi.org/10.19045/bspab.2017.60017

balakhnina, t., bulak, P., Nosalewicz, M., Pietruszewski, s., 
Włodarczyk, t. (2015). The influence of wheat Triticum 
aestivum L. seed pre-sowing treatment with magnetic fields 
on germination, seedling growth, and antioxidant potential 
under optimal soil watering and flooding. Acta Physiologiae 
Plantarum, 37, 59. https://doi.org/10.1007/s11738-015-
1802-2

ballaré, C.L., Caldwell, M.M., Flint, s.D., Robinson, s.a., born-
man, J. F. (2011). effects of solar ultraviolet radiation on 
terrestrial ecosystems. Patterns, mechanisms, and interac-
tions with climate change. Photochemical & Photobiological 
Sciences,  10, 226–241. https://doi.org/10.1039/c0pp90035d.

badridze, G., Kacharava N., Chkhubianishvili e., Rapava L., 
Kikvidze M., Chanishvili s., shakarishvili N., Mazanish-
vili L., Chigladze, L. (2016). effect of UV radiation and 
artificial acid rain on productivity of wheat. Russian Jour-
nal of Ecology, 47(2), 158-166. https://doi.org/10.1134/
s106741361602003X

Castronuovo, D., sofo a., Lovelli s., Candido V., scopa a. 
(2017). effects of UV-C radiation on common dandelion 

aas 116-1.indd   56 29. 09. 2020   08:45:04



Acta agriculturae Slovenica, 116/1 – 2020 57

Effect of UV-C radiation on basic indices of growth process of winter wheat (Triticum aestivum L.) seeds in pre-sowing treatment

and purple coneflower: first results. International Jour-
nal of Plant Biology, 8(1), 7255. https://doi.org/10.4081/
pb.2017.7255

Choudhary, К. K., & agrawal, s.b. (2014). Ultraviolet-b in-
duced changes in morphological, physiological and bio-
chemical parameters of two cultivars of pea (Pisum sativum 
L.). Ecotoxicology and Environmental Safety, 100, 178–187. 
https://doi.org/10.1016/j.ecoenv.2013.10.032

ista. (2017). International rules for seed testing, 2017 (1): i-5-
56(56). international seed testing association. https://doi.
org/10.15258/istarules.2017.05 

Gandhi, N., Rahul K., Chandana N., Madhuri b., Mahesh D. 
(2019). impact of ultraviolet radiation on seed germination, 
growth and physiological response of bengal gram (Cicer 
arietinum L.) and horse gram (Macrotyloma uniflorum L.). 
Journal of Biochemistry Research, 2(1), 019–0034. 

Govindaraj, M., Masilamani, P., albert, a.V., & bhaskaran M. 
(2017). effect of physical seed treatment on yield and qual-
ity of crops: a review. Agricultural Reviews, 38(1), 1-14. 
https://doi.org/10.18805/ag.v0ioF.7304

Hamid, N., Jawaid, F. (2011). influence of seed pre-treatment 
by UV-a and UV-C radiation on germination and growth 
of Mung beans. Pakistan Journal of Chemistry, 1(4), 164-
167. https://doi.org/10.15228/2011.v01.i04.p04

Hideg, e., Jansen, M.a.K., & strid, a. (2013). UV-b exposure, 
Ros, and stress: inseparable companions or loosely linked 
associates? Trends   in  Plant Science, 18, 107–115. https://
doi.org/10.1016/j.tplants.2012.09.003

Kondrateva, N.P., Krasnolutskaya M.G., Dukhtanova N.V., 
obolensky N.V. (2019). effect of ultraviolet radiation the 
germination rate of tree seeds. IOP Conf. Series: Earth 
and Environmental Science, 226: 012049. https://doi.
org/10.1088/1755-1315/226/1/012049

Lazim, s.K., & Nasur a.F. (2017). The effect of magnet-
ic field and ultraviolet-C radiation on germination 
and growth seedling of sorghum (Sorghum bicolor L. 
Moench). Journal of Agriculture and Veterinary Science, 
10(10), 30-36. https://doi.org/ 10.9790/2380-1010023036

Mroczek-Zdyrska, M., tryniecki L., Kornarzyński K., Pi-
etruszewski s., Gagoś M. (2016). influence of magnetic field 
stimulation on the growth and biochemical parameters in 
Phaseolus vulgaris L. Journal Microbiology, Biotechnology 
and Food Science, 5(6), 548-551. https://doi.org/10.15414/
jmbfs.2016.5.6.548-551

Nazarenko, M.M., izhboldin, o.o. (2017). Chromosomal re-
arrangements caused by gamma-irradiation in winter 
wheat cells. Biosystems Diversity, 25(1), 25-28. https://doi.
org/10.15421/011704

Normov, D., Chesniuk, e., shevchenko, a., Normova, t., Gold-
man, R., Pozhidaev, D., bohinc, t., trdan s. (2019). Does 
ozone treatment of maize seeds influence their germina-
tion and growth energy? Acta agriculturae Slovenica, 114/2, 
251–258. https://doi:10.14720/aas.2019.114.2.10

ouhibi, C., attia, H., Rebah, F., Msilini, N., Chebbi, M., aar-
rouf, J., Urban, L., Lachaal, M. (2014). salt stress mitigation 
by seed priming with UV-C in lettuce plants: Growth, anti-
oxidant activity and phenolic compounds. Plant Physiology 
and Biochemistry, 83, 126–133. https://doi.org/10.1016/j.
plaphy.2014.07.019

Pietruszewski, s., Kania, K. (2010). effect of magnetic field on 
germination and yield of wheat. International Agrophysics, 
24, 297-302.

Peykarestan, b., seify, M.R. (2012). UV irradiation effects on 
seed Germination and Growth, Protein Content, Peroxi-
dase and Protease activity in Red bean. International Jour-
nal of Science and Engineering Investigations, 1(3), 107–113.

Pournavab, R.F., Mejía e.b., Mendoza a.b., Cruz L.R.s., Heya 
M.N. (2019).   Ultraviolet radiation effect on seed ger-
mination and seedling growth of common species from 
Northeastern Mexico. Agronomy, 9 (6), 269. https://doi.
org/10.3390/agronomy9060269

Rochalska, M., Grabowska-topczewska, K., Mackiewicz, 
a. (2011). influence of alternating low frequency mag-
netic field on improvement of seed quality. International 
Agrophysics, 25, 265-269.

Rupiasih, N.N., & Vidyasagar P.b. (2016). effect of UV-C radia-
tion and hypergravity on germination, growth and content 
of chlorophyll of wheat seedlings. AIP Conference Proceed-
ings, 1719: 030035. https://doi.org/10.1063/1.4943730

sadeghianfar, P., Nazari M.,  & backes G. (2019). exposure to 
Ultraviolet (UV-C) Radiation increases Germination Rate 
of Maize (Zea maize L.) and sugar beet (Beta vulgaris) seeds. 
Plants, 8(2), 49. https://doi.org/10.3390/plants8020049

siddiqui, a., Dawar, s., Zaki, M.J., Hamid N.   (2011). Role of 
Ultra Violet (UV-C) radiation in the control of root infect-
ing fungi on groundnut and mung bean. Pakistan Journal of 
Botany, 43(4), 2221-2224. 

surjadinata, b.b., Jacobo-Velázquez, D.a., Cisneros-Zevallos, 
L. (2017). UVa, UVb and UVC Light enhances the bio-
synthesis of Phenolic antioxidants in Fresh-Cut Carrot 
through a synergistic effect with Wounding. Molecules, 22, 
668–681. https://doi.org/10.3390/molecules22040668.

sugimoto, К. (2013). seed germination under UV-b irradia-
tion. Bulletin Minami-Kyushu University, 43A, 1–9.

semenov, a., Kozhushko G., bаla L. (2015). No ozone germi-
cidal lamp for plants photochemical and photo biological 
action. Technological audit and production reserves, 4/1(24), 
4–7. https://doi.org/10.15587/2312-8372.2015.46953.

semenov, a.o., Kozhushko G.M., sakhno t.V. (2017). analysis 
of the role of UV radiation on the development and pro-
ductivity of different cultures. Light engineering and elec-
tricity, 2, 3-16. http://nbuv.gov.ua/UJRN/svitteh_2017_2_3 

semenov, a., Kozhushko, G., sakhno, t. (2018 a). influence 
of pre-sowing UV-radiation on the energy of germination 
capacity and germination ability of rapeseed. Technology 
Audit and Production Reserves, 5/1(43), 61–65. https://doi.
org/10.15587/2312-8372.2018.1434

semenov, a.o., burhu Yu.G., Kozhushko G.M., Marenych 
M.M., sakhno t.V. (2018 b). influence of ultraviolet radia-
tion on germination, sprouting and growth processes of 
wheat. Bulletin of Poltava State Agrarian Academy, 4, 70–75. 
https://doi.org/10.31210/visnyk2018.04.10

semenov, a., Korotkova, i., sakhno, t., Marenych, N. (2019). 
The exploiting of agronomic potential of UV-C irradiation 
for increasing the pre-sowing qualities of the carrot seeds. 
Ukrainian Black Sea Region Agrarian Science, 1(101), 47-52. 
https://doi.org/10.31521/2313-092X/2019-1(101)-7

tertyshnaya, Yu.V., Levina, N.s., elizarova, o.V. (2018). impact 

aas 116-1.indd   57 29. 09. 2020   08:45:04



Acta agriculturae Slovenica, 116/1 – 202058

A. SEMENOV et al.

of ultraviolet radiation on germination and growth pro-
cesses of wheat seeds. Agricultural Machinery and Technol-
ogies, 2, 31-36. https://doi.org/10.22314/2073-7599-2018-
11-2-31-36

Wenke, L., & Qichang, Y. (2012). effects of day-night supple-

mental UV-a on growth, photosynthetic pigments and 

antioxidant system of pea seedlings in glasshouse. African 

Journal of Biotechnology, 11(82), 14786–14791. https://doi.

org/10.5897/aJb12.2020

aas 116-1.indd   58 29. 09. 2020   08:45:04



Acta agriculturae Slovenica, 116/1, 59–68, Ljubljana 2020

doi:10.14720/aas.2020.116.1.1116 original research article / izvirni znanstveni članek

titanium dioxide nanoparticles alleviate cadmium toxicity in lentil (Lens 
culinaris Medic) seeds

Hassan FeiZi 1, 2, Nafiseh aGHeLi 1, Hossein saHabi 1

Received april 11, 2019; accepted May 29, 2020.
Delo je prispelo 11. aprila 2019, sprejeto 29. maja 2020.

1 University of torbat Heydarieh, Department of Plant Production, torbat Heydarieh, iran
2 Corresponding author, e-mail: h.feizi@torbath.ac.ir

titanium dioxide nanoparticles alleviate cadmium toxicity in 
lentil (Lens culinaris Medic) seeds

Abstract: This research was carried out with the aim of 
investigating the effects of different concentrations of titanium 
dioxide nanoparticles and cadmium on lentil seed germination 
and seedling early growth. The experiment was conducted as 
a factorial layout based on a completely randomized design 
with four replicates. test plants were exposed to 0, 100, 250, 
and 500 ppm of cadmium, and then amended with 0, 100, 200, 
and 300 ppm of tio2 nanoparticles. Results demonstrated that 
the application of 300 ppm of titanium dioxide nanoparticles 
improved the mean germination time (MGt) and seed germi-
nation rate by 39 % and 62 % respectively. Most traits exhibited 
a decreasing trend as the concentration of cadmium increased. 
Furthermore, application of 500 ppm of cadmium concentra-
tion increased mean germination time compared to the control 
group (1.667 day). in conclusion, the application of titanium 
dioxide nanoparticles averted the effect of high cadmium stress 
on lentils, and maintained the length of the shoot compared to 
the control. However, further studies on plant life cycles should 
be performed to detect the inhibitory effects of titanium diox-
ide on heavy metal toxicity.

Key words: heavy metals; cadmium; germination; 
nanoparticles

nanodelci titanovega dioksida zmanjšujejo strupenost kad-
mija pri kalečih semenih leče (Lens culinaris Medic)

Izvleček: Namen raziskave je bil preučiti učinke različ-
nih koncentracij nanodelcev titanovega dioksida in kadmija 
na kalitev semen leče in zgodnjo rast njenih sejank. Poskus je 
bil izveden kot popolni naključni faktorski poskus s štirimi po-
novitvami. testirane rastline so bile izpostavljene 0, 100, 250 
in 500 ppm kadmija, s kasnejšim dodatkom 0, 100, 200 in 300 
ppm nanodelcev tio2. Rezultati so pokazali, da je dodatek 300 
ppm nanodelcev titanovega dioksida izboljšal poprečni čas ka-
litve (MGt) za 39 % in hitrost kalitve za 62 %. Večina merjenih 
znakov je pokazala padajoč trend s povečevanjem koncentraci-
je kadmija. Uporaba 500 ppm koncentracije kadmija je pove-
čala poprečni čas kalitve za 1,667 dni v primerjavi s kontrolo. 
Zaključimo lahko, da je pri leči uporaba nanodelcev titanovega 
dioksida odpravila učinke stresa velikih koncentracij kadmija 
in ohranila dolžino poganjkov primerljivo s kontrolo. Vsekakor 
pa so potrebne še nadaljne raziskave življenskega kroga rastlin 
za ugotavljanje inhibitornih učinkov titanovega dioksida na to-
ksičnost težkih kovin.

Ključne besede: težke kovine; kadmij; kalitev; nanodelci
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1. IntroduCtIon

Nowadays, the need for agricultural production, 
along with the demand for plant raw materials for food 
production, has increased in the world. in this condition, 
the use of some branches of the industry in new research 
and the adoption of safe decisions are necessary to in-
crease agricultural production. anthropogenic activity 
degrades the soil, water, and atmosphere and this has led 
to the search for sustainable ways to improve food pro-
duction (Feizi & Rezvani Moghadam, 2010).

soil contamination with heavy metals is one of the 
most important environmental problems worldwide. 
Upon gaining entry into agricultural lands, heavy met-
als can be absorbed by plants and transferred to humans 
through the food chain. The increase in the heavy metal 
content in the human body is due to the consumption 
of plant products grown in areas contaminated with 
these metals, inhaling soil particles and consuming con-
taminated water (Motesharezadeh et al., 2014). among 
heavy metals, cadmium is one of the most toxic elements 
which has no biological role in humans. Cadmium (Cd) 
is an unnecessary element with high biological durability 
causing tubalization of leaves, chlorosis and reduced root 
and stem growth (ahmadvand et al., 2012). in plants, 
Cd exposure frequently triggers negative effects on their 
growth and productivity. Recently, it has been proved 
that Cd can also increase root length and number, and 
consequently, root area and volume. in plant shoots, Cd 
can improve the content of photosynthetic pigments and 
enzymatic and non-enzymatic antioxidants are enhanced 
in both roots and shoots (Carvalhoa, et al. 2020).

although plants need some heavy metals such as 
zinc, iron, nickel, titanium etc. at very low concentra-
tions, however, it leads to metabolic disorders and inhibi-
tory growth of most plant species when the concentration 
of these metals is higher than the plant requirement. Re-
cently, scientists and researchers have begun to develop 
efficient and inexpensive technologies, such as the use of 
microorganisms and living plants to remediate contami-
nated areas. (ahmadvand et al., 2012). 

titanium is one of the beneficial elements for plant, 
and can stimulate the absorption of other elements such 
as nitrogen, phosphorus, calcium, magnesium, iron, 
manganese and zinc (Pais, 1983).  tio2 nanoparticles 
have shown considerable advantages in absorbing and 
concentrating chemical pollutants owing to their exclu-
sive properties such as high surface area-to-volume ratio, 
enhanced surface activity, and high affinity (Deng et al., 
2017). in one study on fennel plants, it was observed that 
treatment with 60 ppm titanium dioxide nanoparticles 
significantly improved the seed germination percentage 
and germination rate (Feizi et al., 2013). in addition, the 

highest mean activity of ascorbate peroxidase, guaiacol 
peroxidase, and catalase enzymes on annual medic plant 
(Medicago scutellata L.) was found in foliar application 
of titanium nanoparticles in 0.06 % concentration (Dola-
tabadi et al., 2015). 

Previous studies indicated that tio2 nanoparticles 
had high efficiency and adsorption rate for Pb, Cd, Cu, 
Zn, and Ni (engates & shipley, 2011). The potential influ-
ence of tio2 nanoparticles on the uptake and toxicity of 
heavy metals in biological systems has been documented. 
tio2 nanoparticles significantly enhanced the bioaccu-
mulation and toxicity of Pb, Cu, as(iii), Zn, and Cd in 
zebra fish (Danio rerio Hamilton, 1882) larvae, Daphnia 
magna straus, 1820, and carp (Cyprinus carpio Linnaeus, 
1758) (Miao et al., 2015; tan & Wang, 2014). However, 
Chen et al. (2015) reported that the bioavailability and 
toxicity of Cd and Cu are reduced in alga (Chlamydomo-
nas reinhardtii P.a.Dang) and (Microcystis aeruginosa 
Kützing ) and amphipod (Gammarus fossarum Linnaeus, 
1758) by simultaneous exposure to tio2 nanoparticles. 
although both stimulatory and inhibitory impacts of 
nanoparticles on various crop species have been reported 
in the literature, there is limited information on the im-
pact of tio2 nanoparticles in heavy metal stress.

This work investigated the impact of tio2 nanopar-
ticles in ameliorating the hazardous effects of Cd on seed 
germination and seedling growth of lentil. Furthermore, 
it assesses the co-effect of tio2 nanoparticles and cad-
mium on lentil seedling. Therefore, our objectives were 
to (i) survey Cd-stressed lentil seed germination param-
eters using tio2 nanoparticles, (ii) evaluate inhibitory 
effects of cadmium on lentil seedling and (iii) evaluate 
protective role of tio2 nanoparticles under cadmium 
toxicity conditions. 

2 MAterIAls And MetHods

This research was carried out in the laboratory of 
Medicinal plants of Faculty of agriculture, University of 
torbat Heydarieh, iran with the aim of investigating the 
co-effects of different concentrations of titanium diox-
ide nanoparticles and cadmium sulfate on lentil seed of 
Gachsaran cultivar (based on literature minimum con-
centration of Cd that could harm the lentil is unknown). 
This experiment was conducted as a factorial based on 
a completely randomized design with four replicates (in 
total 1600 seeds). We had a total 16 treatment combina-
tions. We had four replicate for 16 treatments and con-
sidered 25 seeds in each treatment (25 seeds into each 
Petri dish). Consequently we calculated 4 × 4 × 4 × 25 
= 1600 seeds. The first factor consisted of different levels 
of cadmium sulfate concentration of 0, 100, 250 and 500 
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ppm, and the second factor included the concentrations 
of tio2 nanoparticles of 0, 100, 200 and 300 ppm. Cad-
mium sulfate (Cdso4) as a salt of cadmium was used for 
preparing cadmium stress treatment. First, healthy lentil 
seeds were selected and disinfected with sodium hypo-
chlorite 5 % for 60 seconds, then washed with distilled 
water three times.

The titanium dioxide nanoparticle powder was 
aeRoXiDe® tio2 P25 prepared from evonik Degussa 
GmbH Company of Germany. The purity of nanoparticle 
powder was 99.8 % and the mean particle size was 21 nm. 
The required amount for each treatment level of titanium 
dioxide was weighted using a digital scale with a preci-
sion of 0.0001 g and by adding distilled water as the sus-
pension. in order to obtain properly dispersed and stable 
tio2 suspensions of each concentration, an ultra-sonica-
tion treatment was applied to nanoparticles tio2 pow-
ders dispersed in water for 15 min. after preparation, the 
nanoparticles were poured in different concentrations at 
separate erlenmeyer flasks and the seeds were soaked in 
each concentration for 2 hours. The erlenmeyer flasks 
were placed on a shaker to prevent the deposition of 
nanoparticles, so that the seeds had an identical contact 
surface with nanoparticles during the treatment. The 
size of tio2 nanoparticles (Figure 1) were determined by 
scanning tunneling Microscope (stM) in Central Labo-
ratory of Ferdowsi University of Mashhad, iran.

Then, they were placed in a 25-seed group with an 
appropriate distance from each other in each Petri dish. 
The experimental unit consisted of a sterile Petri dish 
with a culture medium of filter paper type (tP or paper 
culture method). Filter paper was packed in a double 
layer of aluminum foil for disinfection and placed in 
oven for 2 hours at a temperature of 120 °C, then, 5 ml 
of cadmium sulfate solution was added to each Petri 

dish. Distilled water was used for control treatment. Petri 
dishes were placed inside the germinator at 23 ± 1 ° C at 
16/8 hours length in day / night (ista, 2009). The daily 
count of germinated seeds was performed every 12 hours 
in each experimental unit and seeds with seminal root 
length of more than two millimeters were counted as ger-
minated seeds (ista, 2009). after a period of time neces-
sary for planting seeds (10 days), ten seeding selected in 
each Petri dish. The length of seminal root and shoot was 
measured with the ruler and then, the roots and shoots 
were separated and placed them individually inside the 
pocket and placed in an oven at 70 °C for 48 hours. after 
drying the shoots and roots, they were weighed per treat-
ment individually.

in this experiment, traits such as the length of semi-
nal root, and seedling, seedling mass, germination rate, 
germination percentage, seed vigor index i and ii were 
evaluated.

on the tenth day, the count of seminal root, shoot 
and whole seedling was measured and then the seedling 
dry weight was determined in the oven for a suitable 
time. Germination rate was calculated by the Maguire 
(1982) formula as equation (1):
Germination Rate (GR) = (a \ 1) + (b – a / 2) + (c – b \ 
3) + … + (n – n – 1 / N)                                                   (1)

MGT = ∑ (F.X) ÷ ∑F                                                     (2)
in this equation, MGT: mean germination time 

(day), F: the number of new germinated seeds per day of 
the counting day X and X days of counting. For calculat-
ing the seed vigor index, equations (3) and (4) were used 
(Vashisth & Nagarajan, 2010).

(3)                  Vigor index I = germination percentage 
× seedling length in cm (shoot + seminal root)      

figure 1: image of nanosized tio2 by scanning tunneling Microscope (stM)
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(4)                  Vigor index II = germination percentage 
× seedling dry mass in mg (shoot + seminal root)    

Data from the experiment was first processed in ex-
cel spreadsheet software, then statistical analysis of the 
data was done by Mstat-C software. Means were com-
pared by Duncan’s Multiple range test.

3 results And dIsCussIon

The results of analysis of variance showed that the 
application of different concentrations of titanium di-
oxide nanoparticles had a significant effect on all traits 
tested (table 1). also, different cadmium sulfate contents 
had a significant effect on other traits. The interaction be-
tween titanium dioxide nanoparticles and cadmium sul-
fate was significant on the rest of the studied traits except 
for the mean germination time.

The results showed that all concentrations of tita-
nium dioxide increased the seed germination percent-
age of lentil compared to control which increased 12.4 % 
relative to the control (table 2). The application of 300 
ppm of titanium dioxide nanoparticles also improved 
the mean germination time of lentil seeds by 39 % (table 
2). seed germination rate was from 14.75 seeds per day 
in the control to 23.9 seeds per day was applied in the 
treatment of 300 ppm of titanium dioxide nanoparticles 
which was an increase of 62 % compared to the control. it 
seems that the nanoparticles have had a positive effect on 
the rate of water and oxygen exchange from the seed shell 
to different parts of the seed and ultimately significantly 
improved seed germination rate.

according to the study conducted by Feizi et al. 
(2013) on fennel (Foeniculum vulgare L.), it was observed 
that, treatment of 60 mg l-1 titanium dioxide nanopar-
ticles greatly improved the germination percentage and 
germination rate. but the treatment of 40 ppm of non-
nanoparticles increased the mean germination time 
by 31.8 %. also, other experimental results on the sage 
(Salvia officinalis L.) have shown that the concentra-
tion of 60 ppm of nanoparticles and non-nanoparticles 
of titanium dioxide improved germination percentage, 
and mean germination time compared to control. Fur-
thermore, they declared that the germination rate in the 
treatment with 60 ppm nanoparticles of titanium dioxide 
was increased (Feizi et al., 2013). in the investigation of 
the effect of various concentrations of titanium dioxide 
nanoparticles on germination traits of silybum (Silybum 
marianum L.), agheli et al. (2016) stated that the highest 
seed germination percentage was observed in the inter-
action of titanium dioxide nanoparticles treatment at a 
concentration of 100 ppm and magnetic field intensity of 
30 mtesla (mt) and the application of titanium dioxide 

nanoparticles with a concentration of 50 ppm and a mag-
netic field intensity of 60 mt. These treatments improved 
the germination percentage by 7.5 and 6.5 times the con-
trol treatment.

The effect of different concentrations of titanium di-
oxide nanoparticles on the growth traits of seedling was 
different so that the shoot length was increased at lower 
concentrations, but the application of higher concentra-
tions like 300 ppm resulted in increasing the shoot length. 
Nanoparticles at the concentration of 100 ppm resulted 
in a significant increase in shoot length from 2.273 cm 
to 2.623 cm. Nevertheless, application of 300 ppm con-
centration did not have affect its increase (table 2). The 
different response of seminal root length was that only 
300 ppm concentration caused a significant increase in 
seminal root length than in the control and increased its 
value by 26.2 %.The concentrations of titanium dioxide 
nanoparticles (100 and 300 ppm) significantly increased 
the seedling length compared to the control. The highest 
seedling length in the 100 ppm nanoparticle treatment 
was 12.9 % and increased its length from 4.04 cm to 4.56 
cm (table 2, Figure 2). 

agheli et al. (2016) stated that the maximum seed-
ling length of Silybum marianum was observed in the 
application of titanium dioxide nanoparticle treatment 
with a concentration of 100 ppm and a magnetic field 
intensity of 30 mt, and also the application of titanium 
dioxide nanoparticles with a concentration of 50 ppm 
and a magnetic field intensity of 60 mt. However, appli-
cation of titanium dioxide nanoparticles had the highest 
significant effect on seminal root mass of lentil. so that 
application of concentration of 100 and 300 ppm caused 
a significant increase of 34 % and 43 % respectively. The 
lowest seminal root mass was obtained in the control and 
200 ppm treatment. titanium dioxide nanoparticles had 
no significant effect on shoot and seedling mass (table 
2). in the investigation of the effect of titanium dioxide 
particles on germination of wheat it was observed that, 
all treatments had significant effect on seminal root mass 
and the highest root mass was observed in treatments of 
two and 50 ppm of non-nanoparticles and 100 ppm of 
titanium dioxide nanoparticles (Feizi, 2012).

The researchers showed that the effect of titanium 
dioxide nanoparticles on dry biomass was significant at 
5 % probability level and reported the highest average 
(21481.4 kg ha-1) for biological yield for titanium dioxide 
nanoparticles and the lowest for control (17782.4 kg ha-1) 
(Moaveni et al., 2011a).

seed vigor 1 was significantly affected by titanium 
dioxide nanoparticles and all concentrations significant-
ly increased it compared to the control and increased its 
value by about 20 %. but seed vigor 2 was significant-
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ly affected by the concentrations of titanium dioxide 
nanoparticles (table 2).

The results of exposing seeds to cadmium sulfate 
showed that, with increasing concentration of cadmium 
sulfate in growth medium, most traits showed a decreas-
ing trend. The germination percentage of lentil seeds in 
control and 100 ppm concentration treatments was the 
highest (97.2 and 99.4 % respectively) and decreased 
significantly with increasing cadmium sulfate concentra-
tions and, the lowest is obtained at the concentration of 
500 ppm (81.3 %). also, mean germination time in the 
control group showed the lowest amount and at the con-
centration of 500 ppm of cadmium sulfate reaches the 
highest value (1.667) (table 3).

according to shafiq et al. (2008), decrease in ger-
mination of seeds could be due to the decomposition of 
food stored in the seeds as a result of application of cad-
mium. according to studies on the effect of heavy metals 
on maize germination, Parmon et al. (2014) opined that 
heavy metals had a significant effect on maize germi-
nation and seed strength. Low levels of metals increase 
the germination percentage (from 93 % to 98 % in lead 
nitrate, from 93 % to 97 % in bismuth nitrate and from 
94 % to 96 % in cadmium) and seed strength (from 1200 
to 1606 in bismuth nitrate and from 1568 to 1592 in lead 
nitrate), but high levels reduced both parameters. Mah-
mood et al. (2005) also stated that different levels of cop-
per had no significant effect on maize germination but 
reduced the early growth of maize.

application of cadmium sulfate at a concentration 
of 500 ppm compared to the control reduced the germi-
nation rate by 37 %. However, the effect of concentrations 
of 100 and 250 ppm on germination rate was not signifi-

cant (table 3). according to the results, it seems that len-
til seeds can tolerate up to 100 ppm of cadmium sulfate in 
these conditions but higher concentrations cause toxicity 
for this plant.

The results obtained by Vasilev (2003) about the 
trait of Hordeum vulgare L. on different levels of cad-
mium showed that, the maximum effect on reducing 
growth is related to treatment of 10 mg l-1 of cadmium. 
The maximum reduction in growth was about 20 percent 
compared to control treatment.

The application of 100 ppm of cadmium sulfate in-
creased the shoot length compared to the control from 
2.876 cm to 3.264, and then at concentrations of 250 and 
500 ppm significantly reduce it by 17.1 and 59.2 percent 
(table 3, Figure 3). but seminal root length showed a sig-
nificant decrease with increasing concentration of heavy 
metals. seminal root length was decreased by 69, 92 and 
100 %, respectively at the concentrations of 100, 250 and 
500. in other words, the effect of cadmium sulfate toxic-
ity on seminal root was much more than that of the shoot 
length, since the seminal root was directly exposed to 
stress, and it had the most contact with this.

 The concentration–response phenomenon that is 
characterized by low-dose stimulation and high-dose 
inhibition is called as hormesis or hormetic effect. an 
increased number of studies has described the improved 
performance of some plant species to Cd exposure, de-
spite Cd accumulation in their roots and shoots. These 
results designate that plants have developed protective 
strategies to neutralize the side-effects from Cd toxicity 
or, more controversially, mechanisms that employ Cd as 
beneficial element (Carvalhoa et al. 2020).

Carvalhoa et al. (2020) reported that carbonic anhy-

figure 2: Root and shoot lengths of lentil seedling in tio2 nanoparticles concentrations
The left Petri dish shows control, 
Petri dish in center is 100 ppm tio2 nanoparticles,
The right petri dish is 200 ppm tio2 nanoparticles in the medium.
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drase activity was also increased in bean plants (Phaseo-
lus vulgaris L.) under exposure to low Cd concentration, 
despite slight decreases in the amount of this enzyme 
protein. The results of ahmadvand et al. (2012) showed 
that, cadmium treatment reduced the mean of seminal 
root and shoot length and root to stem (R/s) ratio by 
96.83 %, 29.66 %, and 27.52 %, respectively compared to 
control. similar to seminal root length, the length of the 
lentil seedlings significantly decreased with increasing 
cadmium sulfate concentration. The maximum length of 
seedling was 8.54 cm in control and less in the treatment 
of 500 ppm at 1.17 cm (equivalent to 86 % of reduction).

based on experiments conducted on rice plant, the 
length of aerial organs, plant biomass and water content 
decreased due to copper pollution. so that at concentra-
tions higher than 0.5, the formation of the root and at a 
concentration of more than 1.5 mM, the formation of the 
leaf and shoot was stopped (ahsan et al., 2007).

also, in a study on Helianthus annuus (L.), the cause 
of the decrease in seedlings length in the presence of ele-
ments such as nickel, copper, cadmium and zinc attrib-
uted to the decrease in cellular development. in the exis-
tence of heavy metals, plant meristem cells, and lean and 
endosperm enzymes seems to be reduced, and the cells 
begin to digest food stores transferred to the primary 
root and above ground organs in the form of a solution. 
Therefore, the activity of hydrolytic enzymes is affected 
when the substrates cannot reach the root and the aer-
ial organs; therefore, it affects the length of the seedling 
(Houshmandfar & Moraghebi, 2011).

also, the highest shoot mass was observed in 250 
ppm Cd concentration treatment with 48.95 mg and 
the lowest in 500 ppm treatment with 36.25 mg, which 

decreased by 12 % compared to control. However, the 
seminal root mass was more negatively affected by the 
increased concentration of cadmium sulfate and showed 
a decreasing trend. The highest seminal root mass was 
observed in control and lowest in 500 ppm Cd concen-
tration. The total seedling mass was associated with the 
treatment of 500 ppm of cadmium sulfate which was 
lower than control by 22 % (table 3). similar trends were 
observed in previous studies with respect to cadmium 
contamination. Moteshare Zadeh et al. (2014) concluded 
that the highest dry mass of bean shoots (2.25 g in a pot) 
was obtained in treatment of 0 ppm of cadmium and the 
lowest mass (1.59 g in a pot) was obtained at 80 ppm 
of cadmium. With increasing cadmium concentration, 
shoot dry mass decreased. With increasing cadmium 
concentration, root dry mass in the treatment of 80 mg 
of cadmium was lower than treatment of 40 mg. in study-
ing the accumulation of cadmium and lead in shoots of 
Helianthus annuus, castor, alfalfa and mustard plants in 
the hydroponic culture, the researchers showed that the 
biomass of plants decreased with increasing concentra-
tion of cadmium and lead (Zhi Xin, et al, 2007).

increasing the concentration of cadmium sul-
fate caused a significant decrease in both parts of the 
seed vigor index and showed the lowest value in both 
traits (table 3). according to Parmon et al. (2014), seed 
strength was also affected by heavy metals. Comparison 
of mean values indicated that with increasing nitric acid 
concentration, seed strength was constant and it signifi-
cantly decreased by reaching the amount of 1000 ppm. 
increasing the concentration of cadmium caused a sharp 
decrease in seed vigor.

The production of active radicals and lipid peroxi-

figure 3: Root and shoot lengths of lentil seedling in tio2 nanoparticles and cadmium concentrations. 
The left Petri dish shows control, 
Petri dish in center is 0 ppm tio2 nanoparticles +250 ppm cadmium 
The right Petri dish is 100 ppm tio2 nanoparticles+250 ppm cadmium in the medium.
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dation, due to oxidative stress, disrupt the function of the 
cell membrane and eliminate the permeability of its se-
lection, this will increase the leakage of seeded materials 
and reduce germination and seed vigor. oxidative stress 
also changes the activity of antioxidant enzymes (Hus-
sain et al., 2011).

application of titanium dioxide nanoparticles could 
significantly reduce the negative effects of cadmium 
stress and improve lentil germination percentage. in the 
absence of any nanoparticles, germination percentage of 
seeds in the treatment of 500 ppm cadmium sulfate was 
58.75 %. However, using 100 ppm of titanium dioxide 
nanoparticles (at the same concentration of 500 ppm of 
cadmium sulfate) germination percentage was 86.25 % 
which showed an increase of 46.8 % relative to the non-
application of nanoparticles (table 4). such an upward 
trend was observed in the application of 200 ppm and 
300 ppm cadmium concentrations. Under contamina-
tion of 200 ppm and 300 ppm cadmium sulphate, titani-
um dioxide nanoparticles application with a concentra-
tion of 200 % increased germination percent by 92.5 %. 
The mutual effect of the application of titanium dioxide 
nanoparticles and cadmium sulfate on mean germina-
tion time was not significant.

The use of titanium dioxide nanoparticles signifi-
cantly prevent the reduction of the germination rate 
due to the stress of cadmium sulfate in lentil seeds. in 
the non-application of nanoparticles, cadmium stress at 
a concentration of 500 ppm of cadmium sulfate caused 
a 58 % decrease in germination rate. While in this con-
centration, the use if 100 ppm nanoparticles of titanium 
dioxide reduced the germination rate by only 44, 16 and 
31.7 %, respectively (table 4). Therefore, impregnating 
our seed with 200 ppm nanoparticles of titanium diox-
ide before planting can improve the germination rate 
by 120 % compared to the non-application of nanopar-
ticles under stress conditions of 500 ppm of cadmium 
sulfate. Therefore, the reduction of the negative effects of 
heavy metal stress such as cadmium by titanium diox-
ide nanoparticles, can be considered as a very useful and 
valuable solution and, this potential is benefited in order 
to control and reduce such stresses.

The interaction of titanium dioxide nanoparticles 
and cadmium sulfate on hypocotyl, seminal root and 
seedling length was significant. The highest shoot length 
was observed in the treatment of 100 ppm nanoparticles 
and 500 ppm cadmium sulfate, 200 ppm nanoparticles 
combined with 100 ppm cadmium sulfate and 300 ppm 
nanoparticles plus 100 ppm sulfate cadmium. in the 
conditions of the highest cadmium sulfate stress (500 
ppm), the use of titanium dioxide nanoparticles gener-
ally prevented the effect of heavy metal stress and the 
shoot length remained unchanged compared to the con-

trol (3.17 cm in the control and 3.37 in the 500 ppm of 
cadmium sulfate and 100 ppm nanoparticles of titanium 
dioxide). soltani et al. (2014) provided the results of 
comparison between the interactions showing that the 
concentration of titanium dioxide nanoparticles was 0.02 
% of foliar application and, the highest grain yield was at 
the 60 % of shoot and the concentration of titanium diox-
ide nanoparticles was 0.02 % of foliar application. also, 
in flowering stage, it had the lowest grain yield.

4 ConClusIon

The current study results clearly demonstrated the 
capacity of tio2 nanoparticles treatments to ameliorate 
the tolerance to Cd stress compared to a non-stress con-
dition. The capability of tio2 nanoparticles treatments to 
maintain and increase the seed germination percent and 
seedling characteristics of lentil. The decreased toxicity of 
Cd was more likely attributed to the decreased bioavail-
ability of free Cd ion owing to adsorption and specia-
tion change of Cd in the presence of tio2 nanoparticles. 
The present study demonstrates that tio2 nanoparticles 
treatments can be applied to mitigate the negative impact 
of Cd stress on different pulse crops like lentil in contam-
inated areas with heavy metals, particularly cadmium. 
Nevertheless, the interaction between tio2 nanoparticles 
and co-existing pollutants in the environment remains 
uncertain; risk assessment studies have been unconvinc-
ing due to the tremendously complicated environmental 
conditions. although this study demonstrated the poten-
tial of nanoparticles for ameliorating of heavy metal, fur-
ther exploration and investigation is needed to elucidate 
and develop these possibilities.
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genetic variability in morpho-agronomic traits of various ac-
cessions of Vigna subterranea (l.) Verdc.

Abstract: Vigna subterranea is an indigenous african 
legume widely cultivated across the continent. it is a highly 
diverse crop exhibiting diversity in morpho-agronomic char-
acteristics. This genetic diversity is also crucial for crop im-
provement as it determines which breeding strategy/ meth-
odology to utilize in its improvement. The study evaluated the 
diversity in morpho-agronomic characteristics of different ac-
cessions of bambara groundnut. ‘tVsu596’ exhibited the high-
est germination percentage (100 %) and shortest days to 50 % 
flowering (40 days) while ‘tVsu11’ had the highest number of 
leaves (146). Qualitative evaluation revealed the diversity exist-
ing in their morphological characteristics. elemental analysis 
showed the accessions are rich in mineral elements and exhibit 
diversity. Principal component analysis revealed 83.37 % of to-
tal variations in morphological and yield traits by the first three 
principal axes. traits such as number of leaves, petiole length, 
and days to 50 % flowering furnish most of the variations. Clus-
ter analysis revealed the accessions clustered into 4 groups. 
These accessions are therefore recommended for utilization in 
development of improved cultivars or early-maturing varieties

Key words: Vigna subterranea; bambara groundnut; ge-
netic variation; morpho-agronomic analysis; chemical analysis

genetska raznolikost in morfološko-agronomske lastnosti 
različnih akcesij bambare (Vigna subterranea (l.) Verdc.)

Izvleček: bambara (Vigna subterranea) je samonikla 
afriška stročnica, ki se na veliko goji širom kontinenta. Je zelo 
raznolika poljščina z zelo različnimi morfološko-agronomskimi 
lastnostmi. ta genetska raznolikost je najpomembnejša za 
njeno izboljšanje in določa tudi žlahtniteljske strategije in 
metode, ki jih je potrebno pri tem uporabiti. V raziskavi je 
bila ovrednotena raznolikost morfološko agronomskih last-
nosti različnih akcesij bambare. akcesija tVsu596 je poka-
zala največji odstotek kalivosti (100 %) in najkrajše obdobje 
do 50 % cvetenja (40 dni), akcesija tVsu11 je imela največje 
število listov (146). Kakovostno ovrednotenje je odkrilo, da ob-
stajajo razlike v morfološko-agronomskih lastnostih. snovna 
analiza je pokazala, da so akcesije bogate na mineralih in da so 
razlike v vsebnostih le teh velike. analiza glavnih komponent 
je odkrila, da je 83,37 % celotne variabilnosti v morfoloških 
lastnostih in je pojasnjeno s prvimi tremi osnovnimi osmi. 
Lastnosti kot so število listov, dolžina peclja in število dni do 
50 % cvetenja prispevajo največji delež variabilnosti. analiza 
združevanja je odkrila, da so akcesije porazdeljene v 4 skupine, 
ki jih priporočamo za uporabo pri vzgoji izboljšanih sort ali za 
zgodnje dozorevanje.

Ključne besede: Vigna subterranea; bambara; genetska 
raznolikost; analiza morfološko-agronomskih lastnoti; kemi-
jska analiza
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1 IntroduCtIon

Vigna subterranea (L.) Verdc. popularly known as 
bambara groundnut is an indigenous african legume 
crop which is widely cultivated across the continent 
(Mkandawire, 2007). The seeds are used during the per-
formance of funeral rites. it also possess medicinal prop-
erties, being chiefly used in the control of diarrhoea, skin 
rashes, and swollen jaw disease (akpalu et al., 2013). V. 
subterranea is a highly diverse crop in terms of its size of 
seeds, colour of seeds, plant height, eye colour, eye pat-
terns, hilum colour and patterns, and other morpho-ag-
ronomic characteristics (ouedraogo et al., 2008; akpalu 
et al., 2013). This genetic diversity is the basis for adap-
tation and survival of the species and makes it easy for 
them to adapt to changing of environmental conditions 
(Rao et al., 2002; sevik et al., 2010). adequate informa-
tion about genetic diversity within crop species is essen-
tial for crop improvement as it determines methodolo-
gies to utilize in the improvement of the species (aliyu 
et al., 2016). Hence, estimation of genetic variability of 
different traits is not only of economic importance but 
also crucial in cultivar development and improvement of 
any plant species (odongo et al., 2015). This study there-
fore comparatively assessed the genetic variability in the 
morpho-agronomic traits and mineral elements present 
in seeds of seven colour variants of V. subterranea.

2 MAterIAls And MetHods

The study was carried out within Federal College of 
Forestry, ibadan, Nigeria. seeds of seven accessions of 
V. subterranea (tVsu 119, tVsu 596, tVsu 182, tVsu 
11, tVsu 367, tVsu 49 and tVsu 254) were utilized in 
the study. Germination test was conducted in a labora-
tory and the seedlings were later transplanted into modi-
fied plastic buckets arranged in a randomized complete 
block design (RCbD) with three replications. For the 
mineral elements determination, seeds of each acces-
sion were ground and 1 g of each was dry ashed for 5 h 

in a muffle furnace at 550 oC until a white residue with 
constant mass was obtained. The ash was digested with 
3M HCl and some of the mineral elements were investi-
gated using atomic absorption spectrophotometer (aas) 
(aoaC, 2003). For the evaluation of quantitative data, 
the analysis of variance (aNoVa), PCa and correlations 
were used. 

3 results And dIsCussIon

The result of elemental analysis is presented in table 
1. The result showed that ‘tVsu119’ is a good source of 
mineral elements though it is a little deficient in copper 
content, followed by ‘tVsu596’ which is rich in mag-
nesium and potassium. This result is similar to that ob-
served by amarteifio et al. (2006).

Qualitative characteristics assessment result showed 
that two types of petiole pigmentation pattern (non-pig-
mented and slightly-pigmented) were observed. Leaf co-
lour assessment result also showed the presence of three 
different types (dark green, pale green and green) of pig-
mentation patterns. The result of quantitative characters 
studied on the seven accessions is presented in table 2. 
Result showed that significant difference (p ≤ 0.01) ex-
ists in all characters among all the accessions studied. NL 
ranged from 67.80 to 146.00. This contrasts with the re-
sult of shegro et al. (2013). tLL ranged from 5.65 cm to 
8.16 cm in ‘tVsu49’. This is similar to the result of shegro 
et al. (2013) but contrasted with the result of Ndiang et 
al. (2014).

tLW ranged from 2.38 cm to 4.72 cm in ‘tVsu49’. 
This is similar to the result of shegro et al. (2013). Petiole 
length ranges from 15.13 cm to 26.55 cm in ‘tVsu49’. 
This contrasts with the result of shegro et al. (2013) and 
Ndiang et al. (2014). DFF ranged from 40 days to 49 days. 
This is similar to the result of brink et al. (2006) but con-
trasted with the result of ouedraogo et al. (2008). D5F 
ranged from 40 days to 43 days. This is similar to the re-
sult of brink et al. (2006). Number of seeds/plant ranged 
from 3.0 to 6.0. The low seed yield observed in these ac-

Varieties accessions Ca (%) Mg (%) K (%) Fe (mg g-1) Cu (mg g-1)
1 tVsu119 0.03 0.24 1.61 40.92 7.49
2 tVsu596 0.01 0.25 1.70 31.97 8.49
3 tVsu182 0.02 0.21 1.46 20.93 7.48
4 tVsu11 0.02 0.21 1.56 20.45 9.48
5 tVsu367 0.03 0.23 1.31 25.97 8.99
6 tVsu49 0.02 0.21 1.42 36.99 9.50
7 tVsu254 0.03 0.23 1.53 30.94 19.96

table 1: selected mineral elements studied on the analysed accessions of V. subterranea

aas 116-1.indd   70 29. 09. 2020   08:45:06



Acta agriculturae Slovenica, 116/1 – 2020 71

Genetic variability in morpho-agronomic traits of various accessions of Vigna subterranea (L.) Verdc.

cessions is similar to the result of Linnemann (1995). 
The co-efficient of variation (CV) ranged from 1.26 % to 
49.05 %. This showed that a high level of genetic diversity, 
exploitable by plant breeders, existed in the studied traits. 
standard error of mean (seM) ranges from 0.20 to 0.92 
showing that the data is normally distributed with a steep 
bell-shaped curve. Pearson’s correlation analysis (table 
3) showed that petiole length was strongly and positively 
correlated with tLW and tLL but negatively correlated 
with HL, LN and DFF. Positive correlation of germina-
tion percentage with sR, LN and HL indicated that acces-
sions with higher germination percentage exhibited in-
creased vegetative growth characteristics. While negative 
correlation with DFF and D5F indicated that accessions 

with higher germination percentage possessed lower 
days to first and 50 % flowering. 

The results of the PCa analysis are presented in ta-
ble 4. The first five principal components explained about 
98.2 % of the total variation. The eigen values ranged 
from 4.33 to 0.64. Principal components axes 1 and 2 ac-
counted for 43.33 % and 25.84 % variation respectively. 

4 ConClusIon

From the investigation, this study therefore submits 
that the germplasm displayed high genetic variability for 
the characteristics studied; hence they can still be im-

accessions GP HL sR LN NL tLL tLW PL DFF D5F
tVsu119 56e 2.25bc 3.20b 9.70b 67.80d 6.28c 2.38c 17.30bc 49a 51a

tVsu596 100a 4.26a 8.96a 17.92a 92.20c 5.65c 2.50c 15.13d 40d 40f

tVsu182 84b 2.92bc 8.17a 13.65ab 126.90ab 6.12c 3.08b 18.73bc 45b 49b

tVsu11 60d 2.84b 4.23b 13.07ab 146.00a 5.80c 2.86b 19.33b 40d 43e

tVsu367 56e 2.44b 3.95b 5.78b 106.10bc 6.77b 3.01b 17.05cd 41d 44e

tVsu49 79c 2.24bc 4.31b 8.08b 85.50cd 8.16a 4.72a 26.55a 40d 46c

tVsu254 80c 1.17c 4.47b 8.52b 122.10b 8.07a 2.98b 19.18b 43c 45cd

Mean 73.57 2.50 5.33 10.96 107.66 6.69 3.08 19.04 42.57 45.43
CV (%) 1.26 30.61 38.54 49.05 21.05 9.54 8.86 11.09 2.35 2.20
s.e.M ± 0.53 0.34 0.92 2.40 7.17 0.20 8.62 0.67 0.58 0.58
F test * * * * * * * * * *
L.s.D (0.05) 1.62 0.99 2.66 6.96 20.25 0.57 0.24 1.89 1.75 1.75

table 2: Quantitative characters studied on the analysed accessions of V. subterranea

Note: GP-Germination percentage; HL-Hypocotyl length; sR-seminal root length; LN-Lateral root number; NL-Number of leaves; tLL-terminal 
leaflet length; tLW- terminal leaflet width; PL-Petiole length; DFF-Days to first flowering; D5F-Days to 50 % flowering. Means with the same letters 
are not significantly different from each other. *: significant at 5 % level of probability. **: significant at 1 % level of probability.

GP HL sR LN NL tLL tLW PL DFF D5F
GP 1
HL 0.45** 1
sR 0.84** 0.73** 1
LN 0.64** 0.81** 0.81** 1
NL -0.01 -0.06 0.15 0.17 1
tLL 0.01 -0.77** -0.45** -0.71** -0.15 1
tLW 0.12 -0.28 -0.18 -0.40** -0.07 0.70** 1
PL -0.01 -0.42** -0.34* -0.41** -0.04 0.70** 0.94** 1
DFF -0.30* -0.30* -0.19 -0.12 -0.37* -0.11 -0.42** -0.25 1
D5F -0.39* -0.47** -0.34* -0.37* -0.30* 0.16 0.05 0.21 0.86**

table 3: Correlations for morphological and yield characteristics of the analysed accessions of V. subterranea

* Correlation is significant at the 0.05 level; **Correlation is significant at the 0.01 level.
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proved genetically, as they can be useful to plant breeders 
who may be interested in specific traits and their varia-
tion within the species. The earliness in days to first and 
50 % flowering displayed by tVsu596 meant it could be 
utilized in the development of early-maturing varieties 
or cultivars. The study thus recommends further studies 
on the nutritional value of these accessions in order to 
evaluate their protein, carbohydrate and fat contents.

5 ACKnoWledgeMent

The Vigna unguiculata accessions utilized in this 
study were obtained from Genetic Resources Centre, 
international institute of tropical agriculture (iita), 
ibadan, oyo state, Nigeria. 

6 referenCes

akpalu, M. M., atubilla, i. a., & oppong-sekyere, D. (2013). 
accessing the level of cultivation and utilization of bam-
bara groundnut (Vigna subterranea (L.) Verdc.), in the 
sumbrungu community of bolgatanga, Upper east Region, 
Ghana. International Journal of Plant, Animal and Environ-
mental Sciences,. 3(3), 68-75.

aliyu, s., Massawe, F. & Mayes, s. (2016). Genetic diversity and 
population structure of bambara groundnut (Vigna subter-
ranea (L.) Verdc.): synopsis of the past two decades of anal-
ysis and implications for crop improvement programmes. 

Genetic Resources and Crop Evolution, 63, 925–943. https://
doi.org/10.1007/s10722-016-0406-z

amarteifio, J. o., tibe, o. & Njogu, R. M. (2006). The mineral 
composition of bambara groundnut (Vigna subterranea 
(L.) Verdc.) grown in southern africa. African Journal of 
Biotechnology. 5 (23): 2408–2411, 2006.

brink, M., Ramolemana, G. M. & sibuga, K. P. (2006). Vigna 
subterranea (L.) Verdc. in brink, M. and belay, G. (editors). 
Plant Resources of Tropical African 1.Cereals and pulses. 
PRota Foundation, Wageningen, Netherlands. Pp. 213-
218.

Linnemann, a. R. (1995). Phenological Development in bam-
bara groundnut (Vigna subterranea) transferred from 
14 to 11 hour photoperiods. Journal of Agricultural Sci-
ence. Cambridge Univ. Press. https://doi.org/10.1017/
s0021859600073111

Mkandawire, C. H., (2007): Review of bambara groundnut (Vi-
gna subterranean (L.) Verdc.) Production in sub-saharan 
africa. Agricultural Journal, 2, 464-70.

Ndiang, Z., bell, J. M., Fokam, P. e., ouattara, b., simo, C., & 
Dibong, D. s. (2014). agro-morphological variability in 
twelve bambara groundnut (Vigna subterranea (L.)Verdc.) 
accessions in Cameroon. Sciences, Technologies & Dével-
oppement,16, 38-45.

odongo, F. o., oyoo, M. e., Wasike, V., owuoche, J. o., Karanja, 
L. & Korir, P. (2015). Genetic diversity of bambara ground-
nut (Vigna subterranea (L.) Verdc.) landraces in Kenya us-
ing microsatellite markers. African Journal of Biotechnology, 
14(4), 283-291. https://doi.org/10.5897/aJb2014.14082

ouedraogo, M., ouédraogo, J. t., tignere, J. b., balma, D., 
Dabire, C. b. & Konaté, G. (2008). Characterization and 
evaluation of accessions of bambara groundnut [Vigna 
subterranea (L.) Verdcourt] from burkina Faso. The Science 

item PC1 PC2 PC3 PC4 PC5
eigenvalues 4.33 2.58 1.42 0.84 0.64
%Variance per PC axes 0.43 0.26 0.14 0.08 0.06
Cumulative Variance 0.43 0.69 0.83 0.92 0.98
Morphological traits eigenvectors
terminal leaflet length (cm) 0.38 0.29 - - -
Petiole length (cm) 0.31 0.38 0.20 - -
Days to 50 % flowering 0.26 -0.35 0.39 0.33 0.31
terminal leaflet width (cm) 0.26 0.47 0.21 - 0.34
Days to first flowering - -0.52 0.36 0.25 -
Lateral root number -0.44 - - - -
Hypocotyl length (cm) -0.42 - - -0.33 0.39
seminal root length (cm) -0.40 - 0.30 0.27 -
Germination % -0.27 0.33 0.43 0.21 -0.40
Number of leaves - - -0.55 0.74 -

table 4: The eigenvalues, proportion of variability and the phenotypic traits contributing to the first five Principal components of 
V. subterranea

Nb: only eigenvectors with values ≥ 0.20 are presented.

aas 116-1.indd   72 29. 09. 2020   08:45:06



Acta agriculturae Slovenica, 116/1 – 2020 73

Genetic variability in morpho-agronomic traits of various accessions of Vigna subterranea (L.) Verdc.

of Nature, 5(2), 191-197. https://doi.org/10.4314/scinat.
v5i2.42164

Rao, V. R., & Hodgkin, t. (2002). Genetic diversity and con-
servation and utilization of plant genetic resources. 
Plant Cell Tissue Organ Culture, 68, 1-19. https://doi.
org/10.1023/a:1013359015812

sevik, H., ayan, s., turna, i., & Yahyaoglu, Z. (2010). Genetic 
diversity among populations in scotch pine (Pinus sylvestris 

L.) seed stands of Western black sea Region in turkey. Afri-
can Journal of Biotechnology, 9(43), 7266-7272.

shegro, a. G., Jansen Van Rensburg, W. s., & adebola, P. o. 
(2013). assessment of genetic variability in bambara 
groundnut (Vigna subterranea [L.] Verdc.) using morpho-
logical quantitative traits. Academia Journal of Agricultural 
Research, 1, 45-51.

aas 116-1.indd   73 29. 09. 2020   08:45:06



aas 116-1.indd   74 29. 09. 2020   08:45:06



Acta agriculturae Slovenica, 116/1, 75–82, Ljubljana 2020

doi:10.14720/aas.2020.116.1.1331 Review article / pregledni znanstveni članek

From plant biomass to biofuels and bio-based chemicals with microbial 
cell factories

Maša VoDoVNiK 1, 2, Matevž ZLatNaR 1

Received November 15, 2019; accepted July 20, 2020.
Delo je prispelo 15. november 2019, sprejeto 20. julij 2020.

1 University of Ljubljana, biotechnical Faculty, Chair of Microbiology and Microbial biotechnology, Ljubljana, slovenia
2 Corresponding author, e-mail: masa.vodovnik@bf.uni-lj.si

from plant biomass to biofuels and bio-based chemicals with 
microbial cell factories

Abstract: Global energy demands and global warming 
represent key challenges of the future of human society. Con-
tinous renewable energy supply is key for sustainable economy 
development. Waste plant biomass represent abundant source 
of renewable energy that can be transformed to biofuels and 
other value-added products, which is currently limited due to 
the lack of cost-effective biocatalysts. The bottleneck of this 
process is the degradation of structural polysaccharides of plant 
cell walls to soluble compounds that can be fermented to sol-
vents or transformed to biogas via methanogenesis and can be 
used as biofuels or chemical raw materials. in order to replace 
traditional physical and chemical methods of lignocellulose 
pretreatment with more environmentally friendly biological 
approaches, native microbial enzyme systems are increasingly 
being explored as potential biocatalysts that could be used in 
these processes. Microbial enzymes are useful either as catalysts 
in the enzymatic hydrolysis of lignocelluloses or as components 
incorporated in engineered microbes for consolidated biopro-
cessing of lignocelluloses. The unprecedented development of 
tools for genetic and metabolic engineering for a wide range 
of microorganisms enabled significant progress in the develop-
ment of microbial cell factories optimized for the producton of 
biofuels. one of the most promising strategies aimed towards 
this goal, i.e. systematic design and heterologous expression of 
»designer cellulosomes« in industrial solventogenic strains is 
adressed in detail.

Key words: waste plant biomass; biocatalysts biofuels; sol-
vents; microbial cell factories

od rastlinske biomase do biogoriv in bio-surovin z mikrobni-
mi celičnimi tovarnami

Izvleček: Naraščajoče potrebe po obnovljivih virih ener-
gije in globalno segrevanje predstavljata ključna izziva prihod-
nosti človeške družbe. Za trajnostni razvoj industrije je nujna 
neprekinjena oskrba z obnovljivo energijo. odpadna rastlinska 
biomasa predstavlja velik rezervoar obnovljive energije, ki jo 
je mogoče pretvoriti v biogoriva in druge produkte z dodano 
vrednostjo, vendar trenutno za tovrstno pridobivanje energen-
tov še ni na voljo dovolj učinkovitih biokatalizatorjev. ome-
jujoča stopnja mikrobiološke pretvorbe odpadne rastlinske 
biomase v produkte z veliko dodano vrednostjo je hidroliza 
strukturnih polimerov do topnih podenot, ki predstavljajo sub-
strat za fermentacijo do biogoriv in biosurovin z večjo doda-
no vrednostjo. V želji, da bi drage in neekološke tradicionalne 
postopke fizikalne in kemične predobdelave lignoceluloznih 
substratov nadomestili z okoljevarstveno sprejemljivejšimi bio-
loškimi, v zadnjem desetletju poteka intenzivno proučevanju 
mikrobnih encimskih sistemov za razgradnjo rastlinske bioma-
se. Vzporedno je nesluten razvoj orodij za gensko in metabolno 
spreminjanje mikrobnih celic omogočil pomembne dosežke na 
področju načrtovanja mikrobnih celičnih tovarn za optimizira-
no proizvodnjo biogoriv. ena od obetavnejših naprednih stra-
tegij usmerjenih k temu cilju je tudi sistematično načrtovanje in 
ekspresija celulosomov »po meri« v solventogenih industrijskih 
sevih, čemur smo v pregledu posvetili največ pozornosti.

Ključne besede: odpadna rastlinska biomasa; biokatal-
izatorji, biogoriva; topila;mikrobne celične tovarne
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1 IntroduCtIon

Global society is confronted with climate chan-
ge, which is frequently associated with excessive con-
sumption of fossil fuels, currently the most important 
source of energy on the planet. Moreover, the price of 
fossil fuels will continue to rise gradually as global de-
mand grows and supply decreases (shafiee and topal, 
2009). some forcasts estimate consumption growth of up 
to 56 % between 2010 and 2040 (azad et al., 2019). Con-
sequently, new renewable and environmentally friendly 
energy resources are gaining in importance. one example 
of such bio-based energy resources are biofuels, which 
are based on microbial processes for transforming va-
rious types of biomass into energy-rich solvents or gases 
(Zhang et al., 2019). The first generation of biofuels was 
based on the use of easily degradable substrates (corn, 
grain, sugar cane, etc.). However, this strategy has ethical 
and ecological disadvantages, as it leads to the cultiva-
tion of monocultures. This could lead to an unacceptable 
reduction of agricultural land used for food production, 
with the potential to cause higher food prices and a redu-
ction in biodiversity or even deforestation (subramaniam 
et al., 2020, Hahn-Haegerdal et al., 2006). Therefore, it 
was soon recognized that biofuels should be produced 
from waste products instead of food crops. one such op-
tion is waste plant biomass, accumulating as a by-product 
of agriculture and food industry. The biggest bottleneck 
in the production of these, so-called second generation 
biofuels, is the conversion of the lignocellulosic biomass 
into soluble compounds that could easily be fermented 
to biofuels or other bio-based raw materials (chemicals 
and industrially-relevant enzymes). This step is enzyma-
tically demanding and cannot be performed by most of 
the naturally solventogenic strains used in industrial pro-
cesses. to facilitate the degradation of lignocellulose to 
fermentable compounds, pretreatment with concentrat-
ed chemicals (acids, bases, organic solvents or oxidants) 
and/or physical pretreatments (treatment with hot steam 
under pressure, pyrolysis, ultrasonic treatment) has tra-
ditionally been used. such procedures are associated with 
environmental and cost burden (Chen et al., 2017). on 
the other hand, cost-efficiency of biological pretreatment 
processes is still too low for a wider industrial use.

to solve this issue, a considerable part of research 
is focused on the discovery and optimization of biocata-
lysts that would make this step economically viable for 
industrial production (Klein-Marcuschamer et al., 2011). 
apart from their use for second generation biofuel pro-
duction, optimized enzyme coctails could also improve 
the production of third-generation biofuels based on mi-
croalgal biomass (Venkata Mohan et al., 2016). 

over the last ten years, celullolytic systems have 

attracted a great deal of interest from the energetic in-
dustry. as many anaerobic cellulolytic microorganisms 
naturally convert (hemi)cellulose to ethanol they repre-
sent a promising alternative to conventional processes. 
However, the production yields in wild strains are not 
satisfactory for industrial applications.

in order to achieve the highest possible yields of 
biofuels, research is concentrating on the development of 
strains with improved properties. Various strategies are 
used for this purpose, in particular targeted evolution 
(random mutagenesis and screening for usable mutants) 
or targeted genetic manipulation of wild strains (Choi et 
al., 2020). a prerequisite for the second approach is the 
adequate characterization of restriction modification, 
transport and cellulolytic systems and metabolic path-
ways involved in the fermentation of sugars (Majidian 
et al., 2018). exhaustive basic knowledge of native cel-
lulolytic systems as well as potential production strains is 
essential for the development of strains with the desired 
properties and can be gained via genomic, transcriptom-
ic and proteomic approaches as well as in vitro studies 
of interactions between individual enzymes. This review 
is focused on important scientific findings in the field of 
microbial enzyme systems for the degradation of ligno-
cellulosic biomass and selected results of metabolic engi-
neering experiments to design microbial cell factories for 
the production of second generation biofuels.

2 nAtIVe MICroBIAl sYsteMs for lIg-
noCellulosIC BIoMAss degrAdA-
tIon 

The main component of accumulating plant bio-
mass are the cell walls. This is associated with its struc-
tural recalcitrance, preventing most (micro)organisms to 
decompose this abundant energy source. The most abun-
dant compund in the plant cell walls is cellulose, which 
typically accounts for 20 % to 90 % of the dry mass of 
plant tissues. This homopolysaccharide consists of 100 
- 20 000 D-glucopyranose residues linked by 1-4 β-gly-
cosidic bonds (o’sullivan, 1997). Uniform structure and 
charge distribution in glucan chains enables the forma-
tion of multiple intramolecular hydrogen bonds, Van der 
Walls and hydrophobic interactions, These are respon-
sible for tight packing of these molecules to microfibrils 
(30-36 glucan chains) and further to macrofibrils, ren-
dering cellulose insoluble and inaccessible to enzymes 
(Keegstra, 2010). in most natural cellulose substrates, 
regions with a high order rate (crystalline regions) pre-
dominate and are partially interrupted by disordered 
(amorphous) regions. For an efficient decomposition of 
natural plant biomass the synergistic action of several en-

aas 116-1.indd   76 29. 09. 2020   08:45:06



Acta agriculturae Slovenica, 116/1 – 2020 77

From plant biomass to biofuels and bio-based chemicals with microbial cell factories

zymes with different specificities is necessary. only some 
bacteria, fungi and very few protists contain this type of 
enzyme consortia. two main types of cellulolytic systems 
that are found in nature are (1) free enzyme systems and 
(2) the cellulosomes. Free enzyme systems are typically 
found in aerobic cellulolytic microorganisms, which pro-
duce large amounts of free or membrane proteins that 
bind separately to the substrate. on the other hand, some 
anaerobes developed a more efficient strategy based on 
combining enzymes in complexes, namely cellulosomes 
(Vodovnik and Marinšek Logar, 2010). a limiting factor 
in the process of enzymatic decomposition of cellulose is 
poor access of glucan chains within highly ordered and 
strongly connected regions of microfibrils. Loosening 
of cellulose structure is therefore crucial first step of its 
degradation, as it makes a larger surface area available for 
hydrolytic and oxidative enzymes. This process is called 
amorphogenesis and is still being investigated. Cellulose 
binding modules (CbMs) of enzymes and cellulosomic 
structural proteins (scaffoldins) have been shown to play 
an important role, as well as specialized proteins called 
expansinsins. (arantes in saddler, 2010). after the cellu-
lose network is loosened, hydrolytic enzymes (β-1,4-glu-
canases) can access individual cellulose chains and cleave 
them to soluble cellodextrins with a degree of polyme-
risation of 2-6. These are easily converted to glucose be-
fore or during the transfer across the cell wall and enter 
central fermentation pathways. Considering the mode of 
action and specificity toward the substrate, the cellulases 
can be classified as endoglucanases and exoglucanases 
(cellobiohydrolases). endo-β-glucanases produce cel-
lo-oligosaccharides by randomly acting on the cellulosic 
chain within amorphous regions of cellulose. Released 
free ends represent the substrate for exoglucanases which 
release sugars from the end of the molecules. Celluloly-
tic microorganisms always produce both types of the 
cellulases that work synergistically (Moraïs et al., 2016). 
traditionally, cellulases have been classified as glycoside 
hydrolases. only recently, oxidative activity was detected 
in some of these enzymes. These enzymes were found in 
some aerobic microorganisms and were classified as lytic 
monooxygenases (Frandsen et al., 2016). 

Cellulose fibrils in plant cell walls are incorporated 
in a matrix of hemicellulose and pectin, in addition to va-
rious glycoproteins and sometimes lignin. Consequently, 
the vast majority of cellulolytic microorganisms also 
produces enzymes necessary for the degradation of these 
molecules, particularly hemicellulases. one of the main 
components of the hemicellulose matrix in plant cell 
walls is xylan. This is branched molecule, with diverse 
substituents. endoxylanases catalyze the hydrolysis of 
1,4-β-glycosidic bonds within the main xylan backbone, 
releasing various oligoxylosaccharides, xylobiose and 

xylose. exoxylanases cleave successive residues of D-xy-
lose from the ends of the main xylan molecule. Finally,       
β-xylosidases hydrolise shorter oligoxylosaccharides 
(mostly xylobiose) to xylose (Malgas et al., 2019). The-
se enzymes are present in most hemicellulolytic micro-
organisms and are usually cell-bound or released to the 
supernatant. The efficiency of xylanases depends on sy-
nergistic activity with auxiliary hemicellulytic enzymes 
(arabinofuranosidases, glucorunidases, esterases, etc.) 
which cleave side chains (arabinose, glucuronic acids, 
fenol and acetyl substituents) from the xylan backbone 
and separate it from lignin. in addition to hemicellulases, 
some aerobic microorganisms (mostly fungi) also produ-
ce ligninolytic oxidative enzymes, lacases and peroxida-
ses (Plácido et al., 2015). in nature, decomposition of the 
complex matrix in plant cell walls is usually performed 
by coordinated action of different microorganisms, that 
either produce enzymes actively involved in the decom-
position of polysaccharides or indirectly influence the 
degradation, e.g. by consuming end products to avoid 
catabolic repression. such systems are too complex to be 
directly used for industrial applications, so different stra-
tegies are being used to develop better adapted, cost-effi-
cient catalysts. some major approaches will be discussed 
in the next chapters.

3 deVelopMent of ConsolIdAted 
BIoproCesses

as mentioned above, one of the main strategies 
striving towards more efficient conversion of lignocel-
lulose to biofuels is the development of consolidated 
bioprocesses. These are processes which alow direct 
(one-step) conversion of biomass to biofuel or other 
value-added compounds within a single system. two ap-
proaches are commonly used to create such system. one 
option is to complement selected industrial solvent-pro-
ducing strain with the genes encoding (ligno)cellulolytic 
enzymes. alternatively, metabolic pathways of native cel-
lulolytic strains can be manipulated towards increased 
production of the desired products. in both cases, the 
strains also need to be adapted to tolerate process condi-
tions and high concentrations of produced solvents. This 
can be done by metabolic engineering or directed evolu-
tion coupled to strain selection (olson et al., 2012). 

apart from strain development by metabolic engi-
neeging, consolidated bioprocesses can also take place 
in stable mixed culture (co-culture), composed of two or 
more different strains or species specialized for different 
process stages (Yang et al., 2015). argyros et al. (2011), 
for example, developed a co-culture system with the 
cellulolytic bacteria Clostridium thermocellum and the 
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solvent-producing Thermoanaerobacter saccharolyticum 
and achieved about 80 % of the theoretical maximum 
ethanol yield from microcrystalline cellulose (avicel 
substrate). a co-culture system of C. thermocellum com-
bined with C. thermohydrosulfuricum or Thermoanaero-
bacter pseudoethanolicus growing on cellulose substrate 
has also been reported to achieve better ethanol conver-
sion than C. thermocellum as a monoculture (Levin et 
al., 2015). one of the main advantages or even the main 
benefit of the mixed culture system is the reduction of 
catabolic suppression of enzymes when less recalcitrant 
carbon sources are also present in the substrates(Liu et 
al., 2019).

4 MICroBIAl Cell fACtorIes for tHe 
produCtIon of BIofuels

Microbial cell factory design is an approach to bio-
engineering which considers microbial cells as a produc-
tion facility in which the optimization process largely de-
pends on metabolic engineering. Microbial cell factories 
are used for many applications in industrial microbiol-
ogy and also hold promise for bioenergetics. With the in-
tention of developing industrial strains for cost-efficient 
conversion of lignocellulosic waste to biofuels and other 
value-added products, research focuses on the adaptation 
of selected strains with addition, silencing, modification 
or overexpression of different genes involved in target 
metabolic pathways (Das et al., 2020). among the strate-
gies used for metabolic engineering to enhance biofuel 
production and facilitate utilization of non-edible low-
value carbon sources are carbon flux rerouting, reducing 
power enhancement, enzyme engineering, pathway de-
sign/discovery, overcoming product toxicity and protein 
secretion optimization were already applied (Choi et al., 
2020). 

The biosynthesis of lignocellulolytic enzymes in mi-
cro-organisms is regulated by transcription factors that 
are activated in the presence of lignocellulosic materials 
(aro et al., 2005). Genes encoding these proteins thus 
represent a potential target for increasing the production 
of targeted enzymes through genetic modification. su et 
al (2009) created artificial imitations of transcription fac-
tors involved in the regulation of lignocellulolytic glyco-
side hydrolases and achieved a higher production these 
enzymes in strains with artificial regulation. 

to facilitate the utilization of lignocellulosic deriva-
tives, heterologous machineries for catabolizing xylose, 
arabinose, cellulose and lignin have also been screened 
and introduced to the production hosts. Furthermore, 
engineering of protein folding and post-translational 
modification systems to enhance overexpression of the 

heterologous enzymes, genome scale modelling and aLe 
to overcome catabolite repression have so far been effec-
tive in enhancing utilization of lignocellulosic derivatives 
(Choi et al., 2020).

 Furthermore, a very promising strategy to improve 
the yield of target enzymes focuses on the regulation of 
their transport and secretion from cells (idiris et al. 2010; 
Reed and Chen, 2013). Pakula et al (2005) investigated 
the secretome of the hemicellulase producing fungus 
Trichoderma reesei simons and noticed that only a small 
fraction of produced enzymes is actually secreted out of 
the cells, which confirmed that secretion is one of the 
bottlenecks in protein production and can be targeted for 
improvement. Furthermore, recombinant enzymes are 
useful either as catalysts in the enzymatic hydrolysis of 
lignocelluloses or as components incorporated in engi-
neered microbes for consolidated bioprocessing of ligno-
celluloses. if microbial cells expressing recombinant pro-
teins are used to interact with polymeric material, such 
as lignocelluloses, extracellular secretion of proteins is 
necessary due to the inability of microbial cells to uptake 
polymer substrates. in the case of applications where pu-
rified recombinant proteins are used directly, secretion of 
these proteins extracellularly could significantly reduce 
the complexity of a production process by eliminating the 
need for cell lysis and reducing the burden of removing 
host proteins. in addition, secretion of highly expressed 
proteins minimizes formation of inclusion bodies due to 
environment better suited for folding and disulfide bond 
formation, reducing the effects of intracellular protein 
degradation and lessening the detrimental effects of cy-
totoxic proteins (Reed and Chen, 2013; burdette et al., 
2018). The signal peptide sequence is one of the most 
important factors influencing secretion efficieny. a com-
mon approach is to fuse an optimized signal sequence 
of the expression host to the target protein. such endog-
enous signal peptide fusion approach has for example 
been used in engineering B. subtilis (ehrenberg 1835) 
Cohn 1872 secreting Clostridium cellulovorans sleat et al. 
1985 mini-cellulosome (arai et al., 2007). signal peptides 
from microorganisms other than expression host may 
also be used (exogenous peptides). as with the endog-
enous pepides, selection of exogenous signal sequences 
often entail screening a large library of candidate signal 
sequences (Reed & Chen, 2013). 

Recent research has shown that the efficiency of 
cellulose degradation depends more on the degree of 
synergy between different enzymes than on the absolute 
activity of individual enzymes. This knowledge led to 
the development of designer cellulosomes – artificially 
constructed enzyme complexes tailored for optimized 
degradation of different lignocellulose substrates. in 
these recombinant cellulosomes, chimeric subunits from 
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different microorganisms are combined for increased ef-
ficiency of target substrate degradation (Figure 1). studies 
with designer minicellulosomes, incorporating different 
enzyme combinations allow the identification of catalytic 
subunit sets with superb activity (Leis et al., 2018). at pre-
sent, designed minicellulosomes are mainly used for in-
teraction studies, but increasing number of experiments 
performed suggests a possible future industrial applica-
tion. The genes encoding cellulosomes with the desired 
subunits have already been transfered to selected micro-
organisms without natural ability to degrade cellulose, 
which are able to produce a wide range of useful chemicals 
as fermentation products (ethanol, buthanol, acetone, etc.) 
(Lütke-eversloh, 2014, Willson et al., 2016). in recent re-
search Moraïs et al. (2016) constructed a minicellulosome 
combining exoglucanase Cel48s, endoglucanase Cel8a 
and β-glucosidase bgla from the bacterium Clostridium 
termocellum NCbi, that have previously been improved 
by targeted and random mutagenesis. The complexes 
demonstrated improved stability and activity at high tem-
peratures than original cellulosomes, which is particularly 
promising for application in thermophilic industrial pro-
cesses. 

The expression of minicellulosomes in industrial 
strains of fungi, has also been reported. Saccharomyces ce-
revisiae Meyen ex e.C. Hansen, for example, has been used 
for thousands of years for the production of ethanol. it is 
one of the most important industrial microorganisms, not 
only due to its efficient production of ethanol, but also due 
to its rapid growth, flexible metabolism, ability to grow in 
anaerobic environments and tolerance for higher concen-
trations of ethanol than most of bacteria (Nevoigt, 2008). 
However, this yeast does not have the ability to degra-
de plant cell walls (Piškur in Langkjaer, 2004). tsai et al 

(2009) reported succesfull expression of a minicelluloso-
me combining enzymes from two different Clostridia and 
Ruminococcus within S. cerevisie. The recombinant strain 
was capable of simultaneous cellulose saccharification and 
fermentation of the produced sugars, which makes it inte-
resting for industrial production of bioethanol. 

apart from ethanol, buthanol is also considered a 
promising biofuel. Moreover, compared to ethanol, butha-
nol is more energy-dense, less corrosive and less volatile, 
which makes it even more appealing for industrial applica-
tions (da silva trinidade and dos santos, 2017). buthanol 
and some other higher alcohols are also more compatible 
with current infrastructure and mechanisation (Kótai et 
al., 2013). The most important current producer of bio-
buthanol is the thermophilic bacterium Clostridium aceto-
butylium Mccoy et al. 1926 emend. Keis et al. 2001, which 
is known for its bi-phasic fermentation: acidogenic and 
solventogenic. in acidogenic phase the cells convert sub-
strate into acetic and butyric acid, while in the solventoge-
nic phase they convert it into acetone, ethanol and butha-
nol in a ratio of 3:6:1. This phase is also known as abe 
fermentation (Xue et al., 2017). Native species, however, 
can only ferment sugars to usable solvents and are therefo-
re not suitable for consolidated bioprocesses leading to the 
production of second-generation biofuels. to overcome 
this obstacle, Willson et al (2016) inserted synthetic gene 
constructs encoding cellulosomic structural and enzyme 
subunits from the related cellulolytic C. cellulolyticum to 
the native C. acetobutylicum strain. one of the main chal-
lenges limiting the industrial production of biobuthanol is 
the toxicity of this solvent to most of the producing strains. 
Consequently, the production is stopped at lower concen-
trations than in case of bioethanol, leading to higher pu-
rification costs. Most of the efforts are therefore focused 

figure 1: Microbial cell factories for production of second generation biofuels: heterologous expression of designer cellulosomes in 
industrial solventogenic strains (authors of seM photographies: C. thermocellum: e. bayer and R. Lamed, S. cerevisiae: Das Murtey 
and Ramasamy, 2016, C. acetobutylicum: bacMap Genome atlas).
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on developing more robust strains with higher tolerance 
to buthanol and abe fermentation by-products. For this 
purpose, metabolic engineering approaches and random 
muthagenesis have already been used (Xue et al., 2017). 
another strategy to increse the cost-efficiency of the pro-
cesses in second-generation biofuel production is also to 
diminish product purification costs by reducing the for-
mation of by-products. However, this approach has so far 
proved challenging. tummala et al (2003) attempted to re-
gulate solvent production in Clostridium acetobutylicum by 
switching off the gene for acetoacetate decarboxylase (adc) 
by small antisense RNa molecules, but were unsuccesful. 
However, the resutls of the study revealed that Coat is 
the rate-limiting enzyme in acetone formation process. 
Furthermore, Jiang et al. (2009) completely disrupted adc 
gene with the insertion of a plasmid, which led to incre-
ased buthanol production (up to 70 % of fermentation 
products). Nevertheless, industrial strains for biobuthanol 
production are currently still far from being economical-
ly viable. it is clear that many improvements still need to 
be performed. a promising approach that may solve some 
current challenges associated with genetic modification of 
solventogenic Clostridia involves use of CRisPR-Cas sys-
tem, which has already been used to improve some related 
species (Xue et al., 2017; Das et al. 2020).

5 IMproVeMent tHe BIoMAss deCoM-
posItIon propertIes

one of the approaches aimed for optimizing the 
production of biofuels from plant biomass is also genetic 
modification of the plants. Huang et al (2019), for exam-
ple, created transgenic rice plants by overexpresseing two 
glycoside hydrolases involved in modification of cellulose-
containing microfibrils. The plant cell wall of modified 
plants had lowered crystallinity index and cellulose depo-
larisation factor, which resulted in higher digestibility and 
increased bioethanol yields. 

Many similar experiments to modify the biomass 
by regulating the expression of intrinsic plant (hemi)cel-
lulases were carried out, but are always challenged by the 
side effects, particularly deterioration in the mechanical 
stability and crop yield. in addition, due to strict regulation 
associated with the use of genetic manipulation of plants 
currently limits the use of these plants for the general pro-
duction of second-generation biofuels from waste plant 
biomass (Joshi in Nookaraju, 2012).

6 ConClusIon

in December 2018, the revised  renewable energy 

directive 2018/2001/eU entered into force, as part of the 
Clean energy for all europeans package, aimed at keeping 
the eU a global leader in renewables and, more broadly, 
helping the eU to meet its emissions reduction commit-
ments under the Paris agreement. The new directive es-
tablishes a new binding renewable energy target for the 
eU for 2030 of at least 32 %, with a clause for a possible 
upwards revision by 2023. The directive also encourages 
permament development for eU to change the direction 
of bioenergy towards greater savings in greenhouse gas 
emissions and the reduction of undesirable effects on the 
environment, particularly in the case of indirect changes 
in the use of agricultural land for the production of bio-
fuels from crops despite the use of this land as food or 
feed. The development of more efficient biocatalysts and 
systems that will allow for the economically viable produc-
tion of sustainable energy from plant biomass is certainly 
one of the promising approaches toward these goals. New 
discoveries resulting from intensive research in the field of 
microbial systems for the degradation of plant biomass by 
applying system’s biology approaches combined with new 
tools for the genetic modification of microbial cells (in-
cluding CRisPR-Cas system) will certainly play a crucial 
role towards optimization of individual enzymes as well as 
the entire microbial cells.
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Investigation of gene expression diversity in Hypericum spp. 
before and after flowering under different nitrogen fertiliza-
tion levels

Abstract: The traditional medicinal herb, Hypericum per-
foratum L. has been popular for its pharmaceutical and color-
ing wealth since the ancient era. a secondary metabolite from 
the group of naphthodianthrones in Hypericum spp. named 
hypericin is responsible for the antidepression, anticancer, and 
antiviral characteristics of this herb. it has been found that sev-
eral genes are involved in the biosynthesis pathway of hyperi-
cin. The hyp-1 gene is participating in this biosynthesis path 
through the conversion of emodin to hypericin. The naphtho-
dianthrones (hypericin and pseudohypericin) in Hypericum are 
synthesized through the polyketide pathway. in the plants, the 
enzyme complexes named polyketide synthase (PKs) catalyzes 
the reactions of polyketide pathways. The genes HpPKS1 and 
HpPKS2 are encoding PKs enzyme complexes. in this research, 
the relative expression of hyp-1, HpPKS1, and HpPKS2 genes 
was compared in root and leaves of Hypericum perforatum and 
H. androsaemum L., before and after flowering under urea fer-
tilization at 24, 48 and 72 hours after irrigation. The highest 
expression level of all three genes was observed after flowering 
in the samples of H. perforatum that were fertilized 72 hours 
after irrigation by 1 g l-1 urea (hyp-1 in roots; HpPKS1 and Hp-
PKS2 in leaves). The relative expression of hyp-1 in the root was 
greater than in the leaves, but HpPKS1 and HpPKS2 expression 
in leaves was higher than in root. The relative expression of all 
three genes in H. perforatum was higher than in H. androsae-
mum. by increasing the interval between urea fertilization and 
irrigation, the relative expression of genes had an increasing 
trend, also by increasing the amount of urea fertilizer, relative 
gene expression was increased.

Key words: Hypericum; hypericin; hyp-1 HpPKS1; Hp-
PKS2; transcriptional diversity

preučevanje raznolikosti izražanja genov pri dveh vrstah krč-
nic (Hypericum spp.) pred in po cvetenju v razmerah različne-
ga gnojenja z dušikom

Izvleček: Šentjanževka (Hypericum perforatum L.) je 
že od nekdaj popularna kot tradicionalno zdravilno zelišče 
zaradi svojih farmacevtskih in barvilnih lastnosti. sekundarni 
metabolit iz skupine naftodiantronov v vrstah iz rodu Hyperi-
cum imenovan hipericin je odgovoren za antidepresivne, anti-
kancerogene in antivirusne lastnosti tega zelišča. Ugotovljeno 
je bilo, da so pri biosintezi hipericina udeleženi številni geni. 
Gen hyp-1 sodeluje pri tej biosintezi preko pretvorbe emodina 
v hipericin. Naftodiantrona (hipericin in pseudohipericin) se v 
šentjanževki sintetizirata po poliketidni poti presnove. V ras-
tlinah katalizira reakcije poliketidne presnovne poti encimski 
kompleks poliketid sintaza (PKs). Gena HpPKS1 in HpPKS2 
kodirata PKs encimski kompleks. V tej raziskavi je bila prim-
erjana relativna ekspresija genov hyp-1, HpPKS1, in HpPKS2 v 
koreninah in listih vrst Hypericum perforatum in H. androsae-
mum L., pred in po cvetenju, pri gnojenju z ureo 24, 48 in 72 ur 
po zalivanju. Največja ekspresija vseh treh genov je bila opažena 
po cvetenju v vzorcih vrste H. perforatum, 72 ur po tem, ko je 
bila rastlina fertirigirana z 1 g l-1 uree (hyp-1 v koreninah; Hp-
PKS1 in HpPK (v listih). Relativna ekspresija hyp-1 v koreninah 
je bila večja kot v listih, a ekspresija genov HpPKS1 in HpPKS2 
v listih je bila večja kot v koreninah. Relativna ekspresija vseh 
treh genov je bila v vrsti H. perforatum večja kot v vrsti H. an-
drosaemum. s povečevanjem intervala med gnojenjem z ureo 
in zalivanjem se je pokazal trend naraščajoče ekspresije genov, 
kar se je pokazalo tudi s povečevanjem odmerka uree.

Ključne besede: Hypericum; hipericin; hyp-1 HpPKS1; 
HpPKS2; transkripcijska raznolikost
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1 IntroduCtIon

Medicinal plants are one of the most important 
potential sources of drugs that have been used since an-
cient times. The World Health organization estimates 
that more than 80 percent of people use medicinal herbs 
through traditional or modern ways. also, many chemi-
cal drugs are also made by modeling plant compounds 
(samuelsson & bohlin, 2017). in recent years, the in-
creasing tendency to use medicinal herbs and their com-
pounds have been observed, and currently, more than 40 
percent of the drugs used in the advanced western coun-
tries are herbaceous origin (Khosh-Khui et al., 1984). 
identifying and investigating the chemical compounds of 
medicinal plants, not only helps to treat diseases more 
easily and cheaply, but also leads to a decline in drug 
imports. iran, with its special climatic conditions, has a 
vast abundance of local medicinal herbs and is a source 
of rich potential for these plants.

The genus Hypericum (Hypericaceae family) con-
sists of 496 worldwide species (Nürk et al., 2013; Ruhfel 
et al., 2013), of which 17 species have been reported from 
iran and most of them have antioxidants (silva et al., 
2005), antiviral (birt et al., 2009), an antidepressant (but-
terweck, 2003) and anticancer compounds (agostinis et 
al., 2002). Most of these medicinal properties are due to 
the presence of a group of hydrosoluble secondary me-
tabolites, which are often present in the flowers of this 
perennial herb (Lazzara et al., 2015). Hypericum perfora-
tum L. is one of the traditional medicinal herbs that has 
been used since ancient times because of its secondary 
metabolites and coloring properties. Hypericum is one of 
the most important sources of dye in dyeing industries 
and is used for coloring silk and wool in red. The boiling 
of the vegetative body of Hypericum with greenery leads 
to the formation of yellow color for the dyeing industry 
(Duke, 2002; Russo et al., 2014).

Hypericin is the key biochemical compound used to 
determine the quality of the extract of Hypericum (Dup-
pong et al., 2004), and it has been shown that the num-
ber of dark glands in the leaf is correlated with hypericin 
content (briskin & Gawienowski, 2001). Hypericin is 

probably the strongest natural light-sensitive substance 
(photosensitizer) that has been identified so far, the 
photosensitizers are used in photodynamic therapy of 
cancers (agostinis at al., 2002; Karioti & bilia, 2010). al-
though the function of hypericin in Hypericum species 
is not yet fully understood, it has been suggested that 
this compound plays a defensive role against herbivo-
rous organisms and plant pathogens (sirvent et al., 2003; 
bruni & sacchetti, 2009). Through a chemical defense 
system, the phytophagous insects feeding on H. perfora-
tum leaves produced more antioxidant enzymes under 
oxidative stress caused by hypericin photosensitization. 
Hypericin in sunlight interact with oxygen molecules to 
produce oxygen free radicals and create oxidative stress, 
which causes phytophagous insects’ behavioral avoid-
ance feeding on the plant tissue (Guillet et al., 2000). to 
determine the possible role of hypericin in the defensive 
response of H. perforatum, the effects of elicitors such as 
salicylic acid (sa) and methyl jasmonate (MeJa) on the 
production of secondary metabolites in H. perforatum 
were evaluated, which resulted in increased levels of hy-
pericin in certain concentrations of sa and MeJa (sir-
vent & Gibson, 2002). Hypericin provides the energy and 
health for human consumers and considerably enhances 
the human body’s defensive ability through increas-
ing cellular oxygen absorption and vascular respiration 
(Miskovsky, 2002: agostinis at al., 2002). Regarding the 
photodynamic properties of hypericin, this metabolite 
has therapeutic potential as an antiviral, antiretroviral, 
and anticancer agent (Zhang et al., 2016, Jendželovská et 
al., 2016; Kubin et al., 2005). Hypericin, a valuable poly-
cyclic dianthroquinone, is responsible for the antidepres-
sion and antiviral characteristics (Rahnavrd, 2017).

studies have shown that the hyp-1 gene is one of 
the most important genes involved in the pathway of 
hypericin biosynthesis, which encodes for phenolic cou-
pling protein, that is catalyzed in vitro and specifically 
convert emodin to hypericin (bais et al., 2003; Zhang et 
al., 2018; Michalska et al., 2010). The production of emo-
din anthrone, an anthraquinone which is a precursor for 
hypericins biosynthesis (Falk, 1999), proceeds through a 
polyketide pathway that is catalyzed by HpPKS1 and Hp-

Abbreviations: aF: sampling after flowering; bF: sam-
pling before flowering; 0: Non-fertilized; 0.5-24: 0.5 g l-1 urea 
fertilizer was used 24 hours after irrigation; 1-48: 1 g l-1 urea fer-
tilizer was used 48 hours after irrigation. [Hp]: Hypericum per-
foratum; [Ha]: Hypericum androsaemum. cDNa: complemen-
tary DNa; DNa: Deoxyribonucleic acid; ds/m: decisiemens 
per meter; g l-1: grams per liter; HpPKS1: Polyketide synthase i; 
HpPKS2: Polyketide synthase ii; ppm: parts per million; RNa: 
Ribonucleic acid; rRNa: Ribosomal ribonucleic acid; sas: sta-
tistical analysis system

okrajšave: aF: vzorčenje po cvetenju; bF: vzročenje pred 
cvetenjem; 0: negnojeno; pognojeno s 0,5-24: 0,5 g l-1 uree 24 ur 
po zalivanju; 1-48:pognojeno z 1 g l-1 uree 48 ur po zalivanju. 
[Hp]: Hypericum perforatum; [Ha]: Hypericum androsaemum. 
cDNa: komplementarna DNK; DNa: Deoksiribonukleinska 
kislina; ds m-1: deci siemens na meter; g l-1: grami nar liter; 
HpPKS1: Poliketidna sintaza i; HpPKS2: Poliketidna sintaza 
ii; ppm: delci na miljon; RNa: Ribonukleinska kislina; rRNa: 
Ribosomalna ribonukleinska kislina; sas: sistem statistične 
analize
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PKS2 (Zobayed et al., 2006; Michalska et al., 2010). Re-
cently, it was proposed that probably the function of the 
Hyp-1 protein is more likely associated with the reserv-
ing or carrying of hypericin in the cell than in the real 
biosynthesis of hypericin (Michalska et al., 2010).

in detail, the octa-β-ketoacyl chain is made from 
acetyl-Coa plus malonyl-Coa that catalyzed by polyke-
tide synthase (PKs). after several steps emodin is made, 
phenolic oxidative coupling protein (Hyp-1) catalyzes 
the emodin anthrone production from emodin, then 
Hyp-1 catalyzes the emodin anthrone conversion to pro-
tohypericin, and finally, Hyp-1 catalyzes the formation of 
hypericin from protohypericin. Therefore the genes hyp-
1, HpPKS1, and HpPKS2 are playing important roles in 
hypericin biosynthesis (Rahnavrd, 2017).

Through enhancing some components of a plant, 
such as increasing the plant secondary metabolites pro-
ducing parts consequently will rise the accumulation of 
active ingredients and bioactive compounds (Jabbari et 
al., 2011). some environmental factors like nitrogen fer-
tilization play an important role in improving secondary 
metabolites content. some nutrients (nitrogen and iron) 
can increase the amount and quality of essential oils in 
thyme (Jabbari et al., 2011); similarly nitrogen and sul-
fur have the same role in lemongrass (Zheljazkov et al., 
2011). Nitrogen in plants is used to build amino acids and 
enzymes, which are utilized in the biosynthesis of vari-
ous bioactive compounds (Nurzyńska-Wierdak, 2013). 
The degree of nitrogen fertilization is the main element 
for plant biomass accumulation and influences the quan-
tity and proportion of different chemicals of secondary 
metabolites (Daneshian et al., 2009; Politycka & Golcz, 
2004), also at in vitro plant cell or tissue cultures (Mur-
thy et al., 2014a; Murthy et al., 2014b). some researches 
indicated that nitrogen concentration and NH4+/No3− 

ratio affect the hypericins in Hypericum spp. (Cui et al., 
2010; Murthy et al., 2014a). also, hypericin content sig-
nificantly varied depending on the developmental stage. 
Different harvest stages influence the hypericin content, 
whereas leaf hypericin content at earlier growth stages 
was higher than the fruit set stage (sun et al., 2019). also, 
Hypericum triqutrifolium turra showed a higher accu-
mulation of total hypericin at the vegetative stage than 
the flowering and fruiting stages of herb (azeez et al., 
2017). according to the results of research to investigate 
hypericins variation in Hypericum triquetrifolium during 
plant growth it was observed that hypericin content in 
leaves was higher at the reproductive stages (flowering), 
but in stems was higher at the vegetative stages (ayan & 
Cirak, 2008). another research about the ontogenetical 
variation of hypericin and hyperphorin in H. perforatum 
revealed that the total hypericin contents decreased as 
developmental stages progressed (büter & büter, 2002).

to produce plant secondary metabolites through 
in vitro culture, acquiring information about the bio-
synthesis of the secondary metabolites is essential to 
improve the production of chemical compounds such 
as hypericin and hyperphorin (Vattikuti & Ciddi, 2005). 
Moreover, regarding that the function of a major part 
of plant genome is unknown so far, the relationship be-
tween enzymes, signaling substances, and small mol-
ecules is still relatively unknown. to fully understand 
the regulation of metabolites biosynthesis and purpose-
ful changes in gene expression more research is required 
(Deepak et al., 2007). The effect of various factors on the 
expression of the genes involved in the biosynthesis of 
the pharmaceutical compounds can be investigated by 
a quantitative real-time PCR (qPCR) approach (Pfaffl, 
2001). The production of active ingredients in medicinal 
plants is controlled by genetic factors. However, limited 
information exists about the effect of fertilizer treatments 
on the relative expression profiling of the genes involved 
in the biosynthesis pathway of active ingredients of me-
dicinal plants. 

in the present study, the effects of nitrogen fertilizer 
at different times after irrigation were investigated on the 
expression of hyp-1, HpPKS1 (polyketide synthase), and 
HpPKS2 genes in leaf and root of Hypericum spp., before 
and after flowering using qPCR. This is the first report 
about the relative expression of some genes of Hypericum 
spp. under different levels of root nitrogen supply at dif-
ferent time intervals after irrigation.

2 MetHods And MAterIAls

2.1 PLaNt MateRiaLs

The experiments were carried out with H. perfora-
tum L. and H. androsaemum L:. Hypericum seeds were 
provided by the iranian biological Resource Center 
(ibRC), tehran, iran. The seeds were planted in pots con-
taining farm soil (5 seeds / 4 l pot). The physicochemi-
cal properties of soil were: saturation percentage (32 %), 
electricity conductivity (1.2 103 ds m-1), pH of paste (7.7), 
total neutralizing value (8 %), organic carbon (0.22 %), K 
available (212 ppm), P available (7.6 ppm) and soil tex-
ture (sandy clay loam).

2.2 PLaNt CULtURe aND FeRtiLiZeRs tReat-
MeNts

a factorial design based on completely randomized 
design (CRD) with three replications was used. every 
pot with 5 plants was considered as a replication, namely, 
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each treatment included three pots. The urea granular 
fertilizer was fertilized at 0, 0.5, and 1 mg l-1 in intervals 
at 24, 48, and 72 hours after irrigating. For RNa extrac-
tion, 0.3 g from pooled leaves or roots of three plants of 
each pot were used. Plant material sampling was accom-
plished before flowering (200 days after seed planting) 
and after flowering (300 days after seed planting) stage. 
Roots/leaves of 5 plants formed the plant material of an 
experimental unit (a replication of a treatment).

2.3 RNa eXtRaCtioN, PURiFiCatioN aND 
CDNa sYNtHesis

total RNa was extracted from leaf and root samples 
using the Geneall Riboex kit (bioFrontier, Korea) based 
on the manufacturer’s protocol. agarose gel electropho-
resis and NanoDrop 1000 spectrophotometer (U.s.a) 
were used to determining RNa quality and integrity and 
checking the RNa quantity respectively. samples of RNa 
were treated with RNase-free DNase Kit (Fermentas, 
Hanover, MD) to remove any contaminating genomic 
DNa, before cDNa synthesis. First-strand cDNa was 
synthesized from 5 µg of total RNa treated with DNase 
i using 200U MMLV reverse transcriptase (GReeN bio 
GeNe) according to the manufacturers’ instructions.

2.4 PRiMeR DesiGN aND ReaL-tiMe PCR

Primer design was carried out using online primer 
Quest software, the primer sequences for hyp-1, HpPKS1, 
and HpPKS2 genes are listed in table 1. according to sci-
entific reports, the 18s rRNa gene was used as the refer-
ence gene for data normalization. in the qPCR method, 
increasing or decreasing of expression quantity of genes 
is important, which calculated by the delta-delta method 
(Pfaffl, 2001). The qPCR was performed in a total vol-

ume of 20 µl containing 2 µl of cDNa, 10 µl sYbR Green 
master mix, and 4 pmol of each primer. The amplifica-
tion reactions were carried out in a step-one qPCR sys-
tem (applied biosystem, abi, Usa) under the following 
conditions: 5 min at 95 ºC, 35 cycles of “95 ºC for 30 s, 
annealing temperature (table. 1) for 30 s and 72 ºC for 
40 s”, and 72ºC for 10 s. all amplification reactions were 
repeated three times under identical conditions and in-
cluded a negative control. to confirm that the PCR prod-
ucts were produced from cDNa and not genomic DNa, 
appropriate control reactions (without the existence of 
reverse transcriptase) were carried out. This experiment 
was carried out with two biological and three technical 
repeats.

2.5 statistiCaL aNaLYsis

The data normality was confirmed through the Kol-
mogorov-smirnov test, then the relative expression levels 
of the genes were calculated by ΔΔCt and the Relative 
expression software tool (Rest) software (Pfaffl, 2001) 
was used to data analysis. one-way aNoVa and mean 
comparisons (Duncan’s test) was accomplished using 
sas software.

3 results

3.1 ReLatiVe eXPRessioN oF HYP-1 GeNe

Mean comparisons of hyp-1 gene expression re-
vealed significant differences among treatments. The 
mean expression of hyp-1 gene was lower in control 
treatments (1.3-fold) compared to the nitrogen support-
ing treatments. Three the highest relative expressions 
of hyp-1 belonged to the root of H. perforatum: aF1-72 
(13.6-fold), bF1-72 (11.3-fold), aF0.5-72 (10.4-fold). in 

Gene Primer sequence (5’-3’) annealing temperature Fragment size
hyp-1 Forward tCCtGaGaGGaaGtaCaGtGtC 58 125

Reverse aGaCGGCCCaGattCatCa
HpPKS1 Forward GaCaGaGGtGtGGaaGaaG 63 112

Reverse GtaCatCaaCtGCGCCat
HpPKS2 Forward CCttCCCttCCGtGtGtatatG 63 184

Reverse CaGaGGaGaaaCtGGaGGaaG
18srRNa Forward tGtCtGCGataatGGaaCtG 58 108

Reverse attCatCataCtCCGCCttaGC

table 1: Primer sequences for hyp-1, HpPKS1, and HpPKS2 genes used in the quantitative real-time PCR for gene expression analy-
sis of Hypericum spp.
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all cases, increasing the interval between urea fertiliza-
tion and irrigation caused an increasing trend in gene 
expression level (p < 0.01). Furthermore, in all cases, by 
increasing the amount of urea fertilizer, the relative gene 
expression was increased (p < 0.01). in overall, it can be 
concluded that hyp-1 relative expression in root tissue 
was greater than in leaf tissues (p < 0.01) (Figure 1).

3.1.1 leaf

among the leaf samples, the highest relative expres-
sion of the hyp-1 gene belonged to the treatment of [Hp]
aF1-72 (10-fold), the second to fourth highest hyp-1 ex-
pression was observed in [Hp]aF1-48 (7.6-fold), [Hp]
aF0.5-72 (7.5-fold) and [Ha]aF1-72 (7.4-fold) treat-
ments respectively, and the next-highest gene expression 
was assigned to the treatment [Ha]bF1-72 (4.5-fold). in 
general, the mean expression level of hyp-1 in H. andro-
saemum leaves (3.3-fold) was lower than in H. perfora-
tum leaves (5.1-fold; p < 0.01). The lowest average expres-
sion of hyp-1 was observed at before flowering sampled 
leaves of H. androsaemum (2.3-fold). The mean expres-
sion level in after flowering samples (5.1-fold) was higher 
than in before flowering (3.3-fold), so the effect of time 
on hyp-1 expression in Hypericum leaves was significant 
(p < 0.01) (Figure 1).

3.1.2 root

among the root samples, the top three hyp-1 rela-
tive expressions were [Hp]aF1-72 (13.6-fold), [Hp]bF1-
72 (11.3-fold), and [Hp]aF0.5-72 (10.4-fold). Fourth 

to sixth the highest hyp-1 expression belonged to [Ha]
aF1-72 (9.7-fold) and [Hp]aF1-48 (9.5-fold), [Hp]bF1-
48 (8.9-fold) and [Ha]bF1-72 (8.9-fold), respectively. in 
general, hyp-1 mean expression in H. androsaemum roots 
(5.5-fold) was lower than in H. perforatum (7.1-fold), and 
the lowest mean expression level was observed in before 
flowering samples of H. androsaemum root tissues (5.1-
fold). The relative expression of hyp-1 in after flowering 
samples (6.8-fold) was higher than in before flowering 
samples (5.8-fold), so the effect of time on hyp-1 expres-
sion in both Hypericum species roots is significant (p < 
0.01) (Figure 1).

3.2 ReLatiVe eXPRessioN oF HPPKS1 GeNe 

Duncan’s test for HpPKS1 expression level revealed 
significant differences among means of treatments. The 
mean expression of HpPKS1 gene in control treatments 
(0.7-fold) was lower than in the nitrogen fertilized treat-
ments. The two highest relative expressions of HpPKS1 
belonged to leaves of H. perforatum: aF1-72 (9.1-fold) 
and bF1-72 (8-fold). The third to the seventh mean ex-
pressions of HpPKS1 belonged to the following treat-
ments of leaf samples, respectively: [Hp]aF1-48 (6.2-
fold), [Hp]bF1-48 (6-fold), [Hp]aF0.5-72 (5.6-fold), 
[Ha]aF1-72 (5.2-fold) and [Hp]bF0.5-72 (5-fold). in all 
cases, with increasing the interval between urea fertili-
zation and irrigation, the relative expression of HpPKS1 
had an increasing trend (p < 0.01). Furthermore, in all 
cases, by increasing the amount of urea fertilizer, Hp-
PKS1 expression was increased (p < 0.01). in overall, it 
can be concluded that HpPKS1 mean expression in leaf 
was very greater than in root (p < 0.01) (Figure 2).

figure 1: hyp-1 expression level in different parts of Hypericum leaf and root (r = 3; p < 0.05)
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3.2.1 leaf

among the leaf samples, the top four HpPKS1 ex-
pression were belonged to H. perforatum: aF1-72 (9.1-
fold), bF1-72 (8-fold), aF1-48 (6.2-fold) and bF1-48 (6-
fold). in general, HpPKS1 expression in H. androsaemum 
leaves (2.9-fold) was lower than in H. perforatum (4.6-
fold; p < 0.01).,The lowest mean expression of HpPKS1 
was observed at before flowering samples of H. andros-
aemum leaf tissues (2.5-fold). HpPKS1 mean expression 
in after flowering samples (4-fold) was higher than in be-
fore flowering (3.4-fold; p < 0.01), thus the developmen-
tal stage significantly affected HpPKS1 expression level in 
both Hypericum species leaves (Figure 2).

3.2.2 root

among the root samples, the two highest HpPKS1 
expressions have belonged to [Hp]aF1-72 (3.3-fold) and 
[Ha]aF1-72 (2.6-fold). HpPKS1 mean expression level 
was approximately equal in two Hypericum species root 
tissues (1.6-fold). The relative gene expression in after 
flowering samples (1.8-fold) was higher than in before 
flowering samples (1.5-fold; p < 0.01) (Figure 2).

3.3 ReLatiVe eXPRessioN oF HPPKS2 GeNe

based on Duncan’s mean comparisons for HpPKS2 
expression level discovered significant differences among 
various treatments. The mean expression of HpPKS2 
gene in control treatments (0.8-fold) was lesser than in 
the nitogen fertilized treatments. among all treatments, 

the top seven HpPKS2 relative expressions belonged to 
the H. perforatum leaves: aF1-72 (8.4-fold), aF0.5-72 
(7.8-fold), bF1-72 (7.6-fold), aF1-48 (6.4-fold), bF1-48 
(6.3-fold), aF1-24 (5.3-fold), and bF0.5-72 (5.3-fold). 
in all cases, with increasing the interval between urea 
fertilization and irrigation, HpPKS2 expression had an 
increasing trend (p < 0.01). similarly, in all cases except 
two treatment, by increasing the amount of urea fertil-
izer, HpPKS2 expression was increased (p < 0.01). 

in overall, it can be concluded that the relative ex-
pression of the HpPKS2 in leaves(3.9-fold) was very 
greater than in root (1.6-fold; p < 0.01) (Figure 3).

3.3.1 leaf

among the leaf samples, the top three HpPKS2 rela-
tive expression treatments were [Hp]aF1-72 (8.4-fold), 
[Hp]aF0.5-72 (7.8-fold), and [Hp]bF1-72 (7.6-fold). in 
general, HpPKS2 expression in H. androsaemum leaves 
(2.9-fold) was lower than in H. perforatum leaves (4.8-
fold; p < 0.01). The lowest HpPKS2 mean expression was 
observed at the before flowering samples of H. andro-
saemum (2.5-fold). HpPKS2 mean expression in after 
flowering samples (4.3-fold) was higher than in before 
flowering (3.4-fold; p < 0.01), therefore the effect of de-
velopmental stage on HpPKS2 expression in both Hyperi-
cum species leaves was significant (Figure 3).

3.3.2 root

among the root samples, the highest HpPKS2 ex-
pression belonged to the treatment of [Hp]aF1-72 (3.1-

figure 2: HpPKS1 expression level in different parts of Hypericum leaf and root (r = 3; p < 0.05)
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fold), then the treatment [Ha]bF1-72 (2.6-fold). The rela-
tive expression of the HpPKS2 gene was approximately 
equal in two Hypericum species root tissues (1.6-fold). 
HpPKS2 expression in after flowering samples (1.8-fold) 
was slightly higher than in before flowering (1.5-fold; p < 
0.01) (Figure 3).

4 dIsCussIon

Production of secondary metabolites is controlled 
by the level of genes expression and is significantly influ-
enced by the degree of cell differentiation, environmental 
conditions and the elements that are present in the plant 
(Vom endt et al., 2002; afrin et al., 2015). Lazzara et al. 
(2017) with the investigation of the effect of arbuscular 
mycorrhizal fungi (aFM) and phosphorus availability on 
the content of some secondary metabolites in Hypericum 
perforatum, reported that flower hyperforin concentra-
tion in mycorrhizal treatment was 17.5 % lower than 
non-mycorrhizal treatment. in contrast, with the use of 
aFM under low phosphorus availability, hypericin and 
pseudochypericin concentrations increased by 166.8 
% and 279.2 %, respectively, while no effect of the use 
of aFM was found under high phosphorus availability. 
based on the H. perforatum field study to determine the 
influence of N and P fertilizers on the flavonoids con-
tent, it was concluded that 125kg N ha-1 and 50kg P2o5 
ha-1 proved optimal for high dry herb yield and flavo-
noids content compared to unfertilized plants (azizi & 
Dias, 2004). also, in the present study, by increasing the 
amount of nitrogen fertilizer, the relative expression of 
the genes involved in the hypericin biosynthesis pathway 

was increased, which was statistically significant in most 
cases.

The ultimate steps of hypericin biosynthesis have 
been proposed to be accompanied by Hyp-1, a pheno-
lic coupling protein, a member of genes encoding plant 
pathogenesis-related class 10 protein family (PR-10) 
(bais et al., 2003; Radauer et al., 2008; Michalska et al., 
2010). Like other PR-10 family proteins, hyp-1 looks to 
be developmentally regulated (Pinto et al., 2005, Liu & 
ekramoddoullah, 2006). also in other research, leaf 
and intact roots showed the highest expression of hyp-1, 
while stems and old parts of roots presented significantly 
lower expression levels, hence, there is variable existence 
of Hyp-1 protein in leaves at different phases of leaf de-
velopment. (Karppinen, 2010). in the present study, the 
relative expression of all three genes studied in most 
cases in the after-flowering stage was higher than in the 
before-flowering stage.

Diverse expression levels of hyp-1 in different tissues 
and organs of Hypericum have been reported. Košuth et 
al. (2007) reported absence of differences in hyp-1 ex-
pression between leaf margins and leaf inner parts. ac-
cording to their findings from ex vitro plants, fairly high 
expression of hyp-1 gene was measured in roots. in the 
present study, the relative expression difference between 
root and leaf in the case of the hyp-1 gene was smaller-
than that of HpPKS1 and HpPKS2 genes. according to 
some studies, the HpPKS2 expression and the hypericins 
content were the highest in the parts containing the dark 
glands, such as the flower buds, and were low in the parts 
free of dark glands, such as stem and root. in the case of 
the hyp-1 gene, the relative expression in the root tissue 
was higher than the corresponding treatments in the leaf 
tissue (p < 0.01), but the relative expression of HpPKS1 

figure 3: HpPKS2 expression level in different parts of Hypericum leaf and root (r = 3; p < 0.05)
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and HpPKS2 genes, in the root tissue, was lower than the 
corresponding treatments in the leaf tissue. it can be be-
cause of that the hyp-1 gene, apart from contributing to 
the hypericins biosynthesis pathway, has other functions, 
and probably these biological roles are related to root tis-
sue in Hypericum species. because of the high expression 
of HpPKS2 in the reproductive organs and as well in leaf 
borders, this gene may play a role in the agglomeration of 
defensive chemicals, such as hypericins (agostinis et al., 
2002; onelli et al., 2002; sirvent & Gibson, 2002; sirvent 
et al., 2003).

also, a research was conducted to find suitable sites 
for the synthesis of hypericin based on the level of hyp-1 
gene expression in the early stages of seedling develop-
ment, and comparing the level of hyp-1 gene expression 
in different parts of the plant regarding the presence or 
absence of dark glands. it has been found that hyp-1 cop-
ies are found throughout the leaf tissue, but there is no 
significant difference in the level of gene expression in 
the margins and the inner parts of the leaf (Karppinen, 
2010).

These results showed that hyp-1, HpPKS1, and Hp-
PKS2 expression in Hypericum significantly affected by 
the plant tissues, plant genus, amount and time of urea 
granular fertilization, and developmental phase of sam-
pling.

5 ConClusIons

in general, the results showed that using the urea 
fertilizer significantly affect the relative expression of 
studied genes, with increasing the urea fertilizer, relative 
expression of the studied genes increased. Gene expres-
sion values after flowering were higher than before flow-
ering. enhancing the time interval between irrigation 
and urea fertilizer application, gene expression increases. 
The gene hyp-1 expression in root was higher than the 
leaf, but the relative expression of HpPKS1 and HpPKS2 
genes in leaf was higher than in roots.
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The role of far-red light (fr) in photomorphogenesis and its 
use in greenhouse plant production

Abstract: Light energy is one of the most important 
factors regulating the growth and development of plants. in 
greenhouses and other controlled- environments in which the 
natural radiation intensities are often low, plant production 
relies on supplementary lighting to optimize the photosynthe-
sis, increase production levels, and enable year-round produc-
tion. For a long time, the research related to artificial lighting 
sources focused on the optimization of the efficiency of use for 
photosynthesis. The quality of light in plant production has 
been widely addressed only recently with the development of 
advanced LeD technology that is energy efficient and enables 
the control of the spectral composition of light. Red and far-
red light are sensed by the phytochromes that trigger several 
morphological and developmental processes that impact pro-
ductivity and yield quality. Thus, to efficiently exploit all the ad-
vantages of LeDs and to develop LeD arrays for specific plant 
applications, it is essential to understand thoroughly how light 
quality influences plant growth and development. This paper 
presents an overview of the recent developments in light qual-
ity manipulation, focusing on far-red light and the R: FR ratio, 
to improve yield and quality of products and to manage plant 
architecture and flowering in vegetable and ornamental horti-
culture.

Key words: far-red light; greenhouse; LeDs, light quality; 
photomorphogenesis; R: FR ratio

Vloga dolgovalovne rdeče svetlobe v fotomorfogenezi in nje-
na uporaba pri vzgoji rastlin v rastlinjakih

Izvleček: svetlobna energija je eden najpomembnejših 
dejavnikov, ki uravnava rast in razvoj rastlin. V rastlinjakih in 
ostalih zavarovanih prostorih, kjer je jakost naravnega sevanja 
velikokrat majhna, je vzgoja rastlin odvisna od dosvetljevanja, 
ki omogoča optimizacijo fotosinteze, povečanje pridelka in 
celoletno vzgojo rastlin. Dolgo časa so se raziskave povezane 
z umetnimi viri osvetljevanja osredotočale predvsem na iz-
boljšanje učinkovitosti za fotosintezo. Vloga kvalitete svetlobe 
pri rastlinski pridelavi je postala zanimiva šele pred kratkim, 
z razvojem energetsko učinkovite, napredne LeD tehnologije, 
katere glavna prednost je, da omogoča nadzor nad spektralno 
sestavo svetlobe. Rdeča in dolgovalovna rdeča svetloba, ki jo 
rastline zaznavajo s fotoreceptorji fitokromi, sprožita številne 
morfološke in razvojne procese, ki vplivajo na količino in kvali-
teto pridelka. Za dober izkoristek vseh prednosti LeD tehnolo-
gije in razvoj “LeD matrik” za specifično rastlinsko uporabo, je 
potrebno dobro razumevanje vpliva spektralne sestave svetlobe 
na rast in razvoj rastlin. V prispevku je predstavljen pregled 
napredka na področju upravljanja s svetlobo, s povdarkom na 
dolgovalovni rdeči svetlobi in razmerju med rdečo in dolgo-
valovno rdečo svetlobo, za povečanje in izboljšanje kakovosti 
pridelka, ter uravnavanje zgradbe rastlin in cvetenja v pridelavi 
vrtnin in okrasnih rastlin.

Ključne besede: dolgovalovna rdeča svetloba; rastlinjak; 
LeD luči; kvaliteta svetlobe; fotomorfogeneza; R : FR razmerje
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1 IntroduCtIon

Many food and ornamental horticultural crops are 
produced year-round in greenhouses. Recently, plant 
factories and vertical farms that can ensure a supply of 
locally produced, fresh food are also being introduced 
(bantis et al., 2018). The availability of natural sunlight 
in these controlled-environments is often limited and 
could prevent or suppress plant production during large 
parts of the year. in such circumstances, the production 
of many crops rely on artificial lighting 

in greenhouses, traditional artificial lighting sourc-
es, such as fluorescent, high-pressure sodium, metal ha-
lide and incandescent lamps, have long been used as a 
solo source or supplemental lighting to enhance photo-
synthesis and/or to regulate plant development (bilodeau 
et al., 2019; bantis et al., 2018). The spectral qualities of 
artificial light sources differ with each other and from 
natural light. Metal halide and especially high-pressure 
sodium lamps (HPs) have been usually used to provide 
high-intensity lighting for plant growth applications. 

Recently developed lighting source in the form of 
light-emitting diodes (LeDs) offers many advantages 
over conventional artificial lighting sources (Chang et al., 
2012; olle & Viršile, 2013; Morrow, 2008; Yeh & Chung, 
2009; singh et al., 2015; Cho et al., 2017; Viršilė et al., 
2017). advantages include high-energy efficiency, long 
operating lifetime, narrow spectral emissions, adjust-
able size, etc. (singh et al., 2015; Nelson & bugbee, 2014). 
LeDs also produce significantly lower leaf temperatures 
and are thus suitable for low-intensity lighting within 
the plant canopies (Massa et al., 2005). one of the most 
valuable properties of LeDs is the ability to control the 
spectral composition of supplemental lighting, which en-
ables investigating the effects of individual wavelengths 
or different spectral combinations of wavelengths on 
plant growth and development. The first commercially 
available LeD fixtures were mainly designed to sup-
port photosynthesis and contained mostly red and blue 
diodes (10 %-25 % blue diodes). to date, many experi-
ments have focused on designing an optimal lighting sys-
tem, mostly modifying the proportion of different wave-
lengths within photosynthetically active radiation (PaR) 
region to support plant growth (Massa et al., 2008) and, 
more recently, also to precisely regulate plant develop-
ment. The spectral quality of light affects a great number 
of plant developmental processes, including germination, 
seedling establishment, development of rosette, branch-
ing and apical dominance, the definition of adult plant 
architecture, the regulation of flowering, etc. (Franklin & 
Quail, 2010; sánchez-Lamas et al., 2016). 

The objective of this review is to present a short 
overview of the principles of red (R) (≈ 625-700 nm) 

and far-red (FR) (> 700 nm) light perception by phyto-
chromes and their impact on plant growth and develop-
ment, which play an essential role in greenhouse plant 
production. We summarise the research work referring 
to the use of far-red light or manipulating the R : FR ratio, 
to improve yield and quality of products and to manage 
plant architecture and flowering in vegetable and orna-
mental horticulture.

2 rAdIAtIon And plAnts 

about 40-50 % of the solar energy received by eco-
sphere falls in the spectral region of 380-780 nm, which 
we perceive as visible light. The visible light range in-
cludes violet (≈ 400-450 nm), blue (≈ 450-520 nm), 
green (≈ 520-560 nm), yellow (≈ 560-600 nm), orange 
(≈ 600-625), red (≈ 625-700 nm) and far-red (> 700 nm). 
on the short-wavelength end of this region is ultraviolet 
radiation (UV-a, 315-380 nm; UV-b, 280-315 nm; UV-C 
from artificial sources of radiation, 100-280 nm) and, at 
the other end, there is infrared radiation (780-3000 nm). 
The radiation that hits the plant can be reflected at the 
surface, absorbed or transmitted; the degree of these 
three events depends on the wavelength of the radiation 
(Larcher, 1991) and plant organs structure. For a plant, 
radiation is the energy source and a stimulus regulating 
development, but it can also cause photo-inhibitory and 
photo-destructive effects.

in photo-energetic processes, the absorbed energy 
is used for the photosynthesis or other metabolic reac-
tions or chemical transformations. The action spectrum 
of plant leaves was described as the span of wavelengths 
from approximately 400-700 nm, over which plants ab-
sorb and effectively use radiant light energy for photo-
synthesis (McCree, 1972). This photosynthetically active 
radiation, now commonly known as PaR, is the most 
important part of the light spectrum for plants; it falls 
within the visible light range. it relates the intensity and 
rate of radiant light energy per surface area emitted by a 
light source from within the action spectrum of plants 
(bilodeau et al., 2019). The amount of light that reaches 
the plant within the PaR region, or the number of pho-
tosynthetically active photons that fall on a given surface 
each second, is measured as a photosynthetic photon flux 
density (PPFD) and is expressed in µmol m-2 s-1. The pho-
toreceptors that play an important role in photosynthesis 
are chlorophylls with absorption maxima in the red and 
blue, along with antenna pigments that include different 
carotenoids, such as β-carotene, zeaxanthin, lycopene, 
and lutein (singh et al., 2015). 

Plants are also sensitive to other wavelengths, for 
example, far-red radiation of a wavelength of approxi-
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mately 700-800 nm. it is known that the far-red part of 
spectrum strongly affects plant development. The regu-
lation of plant growth and development by light signals 
is termed ‘photomorphogenesis’. Recently, it was shown 
that far-red light could also increase photosynthetic ef-
ficiency (Zhen & van iersel, 2017).

Plants respond to changes in light, including its in-
tensity, spectral quality, direction and duration through 
different types of photoreceptors. Not considering chlo-
roplast pigments, to date, five photosensory systems have 
been identified, (i) the phytochromes (phys) that absorb 
maximally in the red (600-700 nm) and far-red (700-
750 nm) regions of the spectrum, (ii) the cryptochromes 
(crys), phototropins (phots) and members of the Zeit-
lupe family (ztl, fkf1 and lkp2) that absorb the blue light 
(390-500 nm) and (iii) UV resistance locus 8 (UVR8) 
that monitors the ultraviolet b wavelengths (280-315 
nm) (bantis et al., 2018).

3 pHYtoCHroMes

Phytochromes are light-sensing molecules present 
in bacteria, cyanobacteria, fungi, algae, and land plants. 
The first indications of their role in plant development 
came from studies in the 1930s, although its chemical 
isolation and identification happened much later (taiz & 
Zeiger, 2014).

Native phytochrome is a soluble protein with a mo-
lecular mass of about 250 kDa. it occurs as a dimer made 
up of two equivalent subunits. each subunit consists of 
a light-absorbing pigment molecule called the ‘chromo-
phore’ that is synthesized in chloroplasts and a polypep-
tide chain called ‘apoprotein’, synthesized in the cytosol. 
together they form the holoprotein, which can absorb 
light (taiz & Zeiger, 2014; Lagarias & Rapoport, 1980).

Phytochrome exists in two interconvertible forms 
that differ in their absorption spectra. The inactive Pr 
form is synthesized in the dark and after the absorption 
of red light (660 nm) changes chemically into the active 
Pfr form. Pfr is inactivated by the conversion back to Pr 
after the absorption of far-red light (730 nm) or through 
thermal relaxation, which depends on temperature. (taiz 
& Zeiger, 2014; Legris et al., 2019). Phytochromes act 
as dimers and subunits are connected in three possible 
combinations Pr-Pr, Pfr-Pr, and Pfr-Pfr.

The photo-reversibility is the most distinctive prop-
erty of phytochrome and results in a dynamic photo-
equilibrium of Pr and Pfr that depends on light quantity, 
spectral composition and temperature (Franklin and 
Quail, 2010; Jung, 2016). The absorption of light by Pr in-
duce an extensive variety of different responses that can 
be grouped into two types: (i) rapid biochemical events 

and (ii) slower morphological changes, including move-
ments and growth (taiz & Zeiger, 2014).

Phytochrome is encoded by a small multigene fam-
ily named PHY, the apoprotein without chromophore is 
designated ‘PHY’, and the holoprotein is designated ‘phy’ 
(taiz & Zeiger, 2014). Phytochromes in seed plants di-
verged into three major forms, phya, phyb, and phyC, 
very early in the history of seed plants. in some dicoty-
ledonous species, two additional forms, phye and phyD, 
were found and are presumably derived by gene dupli-
cation. each phytochrome has different roles, and their 
relative contributions vary depending on the environ-
mental conditions and developmental stage of the plant 
(Legris et al., 2019). Phya and phyb are present in all 
sampled angiosperms and are the principal mediators of 
red/far-red–induced responses. 

Research of the expression patterns of the PHY gene 
family of products has shown that there are two differ-
ent classes of phytochromes with distinct properties: 
light labile type i and light stable type ii (tokuhisa et al., 
1985; Furuya, 1993). type i class, represented by phya, 
induces very low fluence responses (VLFRs) and far-red 
high-irradiance responses (FR-HiR). The examples of 
conditions where phya is activated are deep shade or few 
centimetres under the soil surface. type ii phytochromes 
(phyb-phye) evoke signals called ‘low fluence responses’ 
(LFRs), and these are activated in more open environ-
ments (Legris et al., 2019).

Following light perception and conversion to the 
Pfr form, phytochromes translocate to the nucleus where 
they selectively interact with several classes of transcrip-
tion factors and trigger downstream signalling, partici-
pating in the regulation of transcription posttranscrip-
tional regulation, and translation (Legris et al., 2019).

in addition to light, phytochromes also contrib-
ute to temperature responses with phyb having a major 
role (Jung et al., 2016; Legris et al., 2019). The molecular 
mechanisms of photo- and thermo-morphogenesis have 
mostly been analysed separately, but it is now well recog-
nised that light and temperature signalling are connected 
(Lorenzo et al., 2016; Patel et al., 2013).

Phytochromes can act synergistically with other 
photoreceptors. The interaction of phytochrome and 
cryptochrome signalling and interaction between phy-
tochrome and phototropin photoreceptors have been 
reported in Arabidopsis (ahmad et al., 1998; Mas et al., 
2000; Parks et al., 1996). 

3.1 PHYtoCHRoMes aND R : FR Ratio iN PHo-
toMoRPHoGeNesis

Pr and Pfr forms of phytochromes have overlapping 

aas 116-1.indd   95 29. 09. 2020   08:45:08



Acta agriculturae Slovenica, 116/1 – 202096

B. KUMP

absorption spectra and can monitor the R : FR ratio of 
light. The R : FR ratio is usually used to quantify spectral 
photon flux distribution in the R and FR wavelengths. 
The equilibrium between the Pr and Pfr forms dynami-
cally changes with the composition of the light spectrum 
within the 300-800 nm range and is strongly correlated 
with R to FR proportions of red and far-red light in inci-
dent radiation (Holmes & smith, 1977). sunlight at mid-
day has approximately equal amounts of R and FR result-
ing in an R : FR ratio slightly above 1, but at the beginning 
and end of the photoperiod it is much lower (about 0.6). 
The R : FR ratio slightly varies with cloud covering and 
is little sensitive to seasonal variation (turnbull & Yates, 
1993). However, in environments with high plant den-
sity, the R : FR ratio is considerably reduced (0.13 under 
ivy canopy) (taiz & Zeiger, 2014). in canopies, the R : FR 
ratio perceived by plant organs varies spatiotemporally in 
a range within which slight R : FR variation causes large 
variation in phytochrome photo-equilibrium (Demotes-
Mainard et al., 2016). 

Phytochromes are potent regulators of plant devel-
opment and, through the perception of the R : FR ratio 
of light, affect a broad range of responses throughout the 
plant life cycle (Franklin & Quail, 2010; sánchez-Lamas 
et al., 2016). The change in the R : FR ratio triggers a se-
ries of responses in plant vegetative architecture includ-
ing higher stem length, bud outgrowth, leaf expansion, 
petiole extension, root development, leaf hyponasty and 
phototropism, accelerated flowering, etc., known collec-
tively as ‘shade avoidance syndrome’ (sas). Green tissues 
of plants with high chlorophyll content absorb mostly 
red (R) and blue (b) wavelengths, but let through the 
FR light, so with shading the R : FR ratio decreases. The 
greater proportion of far-red light converts more Pfr to 
Pr, and the ratio of active Pfr to total phytochrome (Pfr/
Ptotal) decreases.

The shade-avoiding response is characteristic of 
‘sun plants’ and represents a competitive advantage as it 
enables the plants to acquire more PaR. The sensitivity of 
plants to low R : FR ratio can vary during the day (Casal 
et al., 1997) and it also depends on the variety and spe-
cies (Casal & smith, 1989). The sas response is weak or 
not present in ‘shade plants’, which normally grow in the 
shade (taiz & Zeiger, 2014). 

one of the sas responses triggered by a low R : FR 
ratio is a faster transition to flowering. it is common in 
many plant species, including many agronomical signifi-
cant ones (taiz & Zeiger, 2014). The first step in flower-
ing, the flower induction, is a result of the integration of 
various environmental and endogenous cues that work 
through different genetic pathways. The photoperiod 
pathway is one of them and refers to the regulation of 
flowering in response to day length and quality of light 

perceived (srikanth & schmid, 2011). on the basis of the 
photoperiod, plants can be classed as short-day (sDP) 
or long-day plants (LDP), although the critical factor in 
determining their activity is night length. species that 
flower under any photoperiodic condition are referred to 
as ‘day-neutral plants’ (DNP). 

4 ApplICAtIons of fAr-red lIgHt In 
greenHouse plAnt produCtIon

There are many areas in crop production, of both 
food crops and ornamental crops, for which the use of FR 
light has been shown to have especially promising value. 
in vegetable horticulture, the two main factors defining 
yield are biomass production and product quality, inclu-
sive of nutritional value, visual appearance, resistance to 
‘environmental factors’ and others. in growing ornamen-
tal plants, the main focuses are their visual appearance 
and flowering characteristics. 

4.1 PHotosYNtHesis aND bioMass PRoDUC-
tioN

biomass production is usually directly correlated to 
photosynthesis, and it depends on the quantity of pho-
tosynthetically active radiation received by the leaves. 
The primary environmental factors that influence crop 
growth include photosynthetic light intensity and du-
ration per day (which, when integrated formulates the 
photosynthetic daily light integral), light quality, temper-
ature, and carbon dioxide concentration (Runkle, 2013).

Due to the poor absorption of far-red light (λ > 
700 nm) by leaves and the low quantum yield of photo-
synthesis, it has long been thought that it makes no or 
minimal contribution to photosynthesis (McCree, 1972). 
it is now known that the low quantum yield of photosyn-
thesis under far-red light is caused by unbalanced exci-
tation of the photosystems Psi and Psii, which operate 
in series to carry out photochemical reactions (Myers, 
1971). if shorter wavelength light is supplemented with 
far-red light that preferentially excites Psi, the excitation 
balance between the two photosystems can be restored. 
This can synergistically increase photochemistry and 
photosynthesis (Zhen & Van iersel, 2017). 

Zhen and Van iersel (2017) report that the addition 
of far-red light to red/blue and warm-white light imme-
diately increased quantum yield of photosystem ii (ΦPsii) 
of lettuce by an average of 6,5 and 3 %, respectively. be-
sides the short-term effect, after 20 min of exposure to 
far-red light, an increase of ΦPsii and a decrease of non-
photochemical quenching (NPQ) were noted. The in-
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crease of ΦPsii was associated with an increase in net pho-
tosynthesis. a 7.5 % increase in ΦPsii upon adding far-red 
light (90 μmol m−2 s−1 within 700–770 nm) to a red/blue 
measuring light (200 μmol m−2 s−1) resulted in an 18 % 
increase in net photosynthetic rate. in a later study, Zhen 
et al. (2019) quantified the efficiency of different wave-
lengths of far-red light exciting Psi by measuring the 
change in quantum yield of Psii of lettuce grown under 
red/blue light or under sunlight. The ΦPsii of lettuce in-
creased with increasing wavelengths of added light from 
678 to 703 nm, indicating longer wavelengths within this 
region are increasingly used more efficiently by Psi than 
by Psii. adding 721 nm light resulted in similar ΦPsii 
as adding 703 nm light, but ΦPsii tended to decrease as 
wavelength increased from 721 to 731 nm, likely due to 
decreasing absorptance and low photon energy. adding 
752 nm light did not affect ΦPsii. The beneficial effects of 
FR light on photosynthesis at fluctuating light was also 
proved in Arabidopsis by Kono et al. (2020).

Photosynthesis is dependent on the intensity and 
quality of light that reaches chloroplasts. Yang et al. 
(2018) studied the interactions between light intensity 
and the R : FR ratio on the photosynthesis of soybean 
leaves under shade condition. From the results of quan-
titative proteomic analysis, they conclude that light in-
tensity directly affects photosynthesis by regulating the 
expression of photosynthetic proteins and that a low R 
: FR ratio could improve the photosynthetic capacity by 
increasing light-harvesting capacity and stimulating the 
electron transport of Psi (Yang et al., 2018). 

Whole-plant gas exchange measurements of 16 C3 
and two C4 species under red/blue light and red/blue plus 
FR light indicated that adding far-red photons (10 – 30 % 
of PPFD) caused similar increases in the whole canopy 
photosynthetic rate as adding the same amount of red/
blue photons (Zhen & bugbee, 2019). to demonstrate 
that far-red photons are equally efficient at driving pho-
tosynthesis, the authors grew lettuce under spectra with 
or without 15 % of far-red photons at the same total pho-
ton flux, and the results at harvest showed 35 % higher 
dry biomass in treatments with far-red photons, which 
was almost entirely caused by enhanced radiation captu-
re through leaf expansion.

There is, however, a variability among studies and, 
in some species, the specific net assimilation rate decre-
ases in response to a low R : FR ratio or PHYb reduced 
expression. The different and sometimes contrasted re-
sponses between studies may reflect variability between 
species and genotypes, and/or variability in the growing 
conditions used (Demotes-Mainard et al., 2016 citations 
therein).

in addition to its direct effect on photosynthesis, 
the R : FR ratio can influence the process also indirec-

tly, through its effect on morphological characters, for 
example, branching, leaf area and leaf orientation (De-
motes-Mainard et al., 2016). a higher proportion of FR 
light, applied to some ornamental plant species has been 
shown to cause leaf expansion mediated by phytochro-
mes, thus promoting canopy light interception and in-
directly increasing plant growth during long-term culti-
vation (Park & Runkle, 2017). 

Phytochrome b also regulates other traits involved 
in photosynthesis. it was shown to promote stomatal ma-
turation in Arabidopsis thaliana (Kang et al., 2009), re-
gulate the activity of some enzymes of the Calvin cycle 
(bradbeer, 1971) and control the development of chloro-
plasts (Thiele et al., 1999).

4.2 FR aND YieLD QUaLitY

The quality of the crop yield is an essential parame-
ter for any grower. its various aspects rely upon the light 
intensity and, to a larger extent, on light quality, which is 
the wavelengths perceived by the plant. With modifica-
tions of the light spectrum, the simultaneous increase in 
biomass and better quality of the product can be obtai-
ned. Most recent investigations are thus focused on both 
characteristics. a large number of studies in vegetable 
horticulture have been done using lettuce and tomato as 
a model species.

in a study in which lettuce was grown under cool 
white fluorescent lamp supplemented with R or FR LeD, 
the plants exposed to FR light demonstrated enhanced 
fresh and dry mass, stem length, and leaf length and 
width, but the content of anthocyanin, carotenoid, and 
chlorophyll was reduced (Li & Kubota, 2009). similarly, 
red leaf lettuce grown under R supplemented with FR 
light also exhibited lower anthocyanin concentration and 
antioxidant potential, whereas R light supplemented with 
blue (b) light caused the exact opposite results (stutte et 
al., 2009).

Zhang et al. (2019a) performed three greenhouse 
experiments to determine the effects of supplemental 
lighting with different spectral quality on lettuce growth, 
colouration, and sensory attributes. Four hours of end-
of-day (eoD) lighting of low intensity (2-5 µmol m-2 s-1) 
had only minor effects on lettuce growth and quality at-
tributes, but R + b LeD supplemental lighting resulted in 
darker, redder, and less yellowish plants. 

an essential role of FR light for improving the pro-
duction of indoor cultivated lettuce has been demon-
strated in an experiment done by Zou et al. (2019). add-
ing 50 µmol m-2 s-1 of FR light to 200 µmol m-2 s-1 of R + b, 
applied during the day (16 h) or as eoD (1 h), resulted in 
39 % and 25 % increase in total biomass. adding FR light 
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resulted in 27-49 % larger plant leaf area with an open 
plant canopy, which facilitated a better light interception 
led to higher plant radiation use efficiency (RUe). 

studies of FR effects during the fruiting stage of 
crops are much less frequent than research in young 
plants, although the reports, especially in tomato, are now 
increasing. apart from plant morphological alterations, 
changes in the R : FR ratio also lead to the redistribution 
of growth and dry matter within the plants, as indicated 
by an increased shoot/root ratio and soluble sugar lev-
els under radiation with a low R : FR ratio. Kalaitzoglou 
et al. (2019) reported that additional FR light applied as 
continuous and eoD treatment increased total dry mass 
of tomato plants in the vegetative growth stage, as well as 
the fruit number per plant, fresh fruit weight per plant 
and average fruit fresh mass. similarly, higher total plant 
dry mass and higher fruit yield in tomato grown under 
additional FR radiation were reported by Zhang et al. 
(2019b). in another study on tomatoes, the R and b + 
FR light treatment increased the production of soluble 
sugar, increased the dilution by soluble and storage com-
pounds, and water reduction dilution, leading to a strong 
increase in glucose, fructose and sucrose concentration 
in the pericarp (Fanwoua et al., 2019). However, neither 
study provided sufficient insights on how additional FR 
increases fruit growth in the fruiting stage of the crop, 
which is a key step in understanding the FR induced 
yield improvement in fruit crops like tomatoes. Kim et 
al. (2019) also observed a significant decrease in water 
content of tomato fruits produced under FR light, to-
gether with a pronounced effect of FR light on biomass 
allocation between vegetative and reproductive struc-
tures. Long-term exposure of tomato plants to low R : FR 
was associated with reductions in leaf area, chlorophyll 
content, and vegetative shoot biomass fraction, increases 
in leaf thickness and fruit biomass, and acceleration of 
flowering and fruiting.

Recently, intra-canopy lighting, a technique that en-
ables more even light distribution within the crop cano-
py, has been widely applied for high-wire fruit vegetable 
production in greenhouses. in a study of Zhang et al. 
(2019b), tomatoes were grown under intra-canopy R and 
b LeDs supplemented with overhead FR lights in three 
different duration regimens, (i) 12 hours during the day, 
(ii) 1.5 hours in the afternoon and (iii) 0.5 hour in the af-
ternoon. The additional FR lighting led to increased stem 
elongation, higher leaf length: width ratio, increased leaf 
area, 9 %-16 % increase in total biomass and slightly low-
er soluble sugar content. The stimulation of growth and 
production were similar in all three treatments (Zhang 
et al., 2019b).

The effects of specific spectral compositions of light 
on various quality parameters are often species, or even 

cultivar specific, and should thus be determined for each 
species and application separately. The recent wide acces-
sibility of LeDs and promising results on the effects of 
the FR light in some model species, widely opened the 
research of this topic in many other agronomical impor-
tant species, like cucumber (Nishimura et al., 2012; Hao 
et al., 2012; shibuya et al., 2016) spinach (akutsu et al., 
2017), kale (Meng et al., 2019), squash (Yang et al., 2012), 
basil (Meng & Runkle, 2019), etc. 

Morphological changes induced by FR light, es-
pecially stem elongation, are often undesirable, but in 
some cases, the promotion of extension growth is es-
sential. Producing seedlings with long hypocotyls is, for 
example, desired in vegetable grafting. Chia and Kubota 
(2010) used FR-rich incandescent lamps, without or with 
filters that reduced transmission of R light, to promote 
elongation of tomato seedlings. They obtained a 20 % in-
crease in hypocotyl length under the R : FR ratio of 0.47 
and 44 % at R : FR of 0.05. They concluded that only 2 
to 4 mmol m-2d-1 of FR light was needed to nearly satu-
rate the promotion of elongation growth. There were no 
negative effects on dry mass, stem diameter, and plasto-
chron index. The effectiveness of eoD FR lighting from 
a movable LeD fixture on interspecific squash (Cucur-
bita maxima Duch. x Cucurbita moschata Duch. ex Poir) 
rootstock hypocotyl elongation was investigated by Yang 
et al. (2012).The extent of hypocotyl elongation under 
movable or stationary FR LeD fixtures was statistically 
the same and was 55-69 % greater than non-treated con-
trol (Yang et al., 2012).

it is known that, in addition to a low R : FR ratio, 
shade avoidance responses are also regulated by the 
photosynthetic photon flux density (PPFD). in general, 
increasing PPFD decreases the magnitude of plant re-
sponses to the R : FR ratio. Growing sunflower (Helian-
thus annuus L.) seedlings at low R : FR ratio (0.85) at low 
and moderate PPFD (157 and 421 µmol m-2s-1) resulted 
in increased growth, but the growth response was attenu-
ated under the higher PPFD (Kurepin et al., 2007). Yang 
et al. (2018) studied the effects of interactions between 
light intensity and R : FR ratio on the photosynthesis of 
soybean leaves under shade condition. The itRaQ tech-
nique was utilized to analyse differentially expressed pro-
teins involved in photosynthesis, and the results showed 
that low R : FR could improve the photosynthetic capac-
ity of plants under shade conditions.

Light is also a critical environmental factor for the 
production of secondary metabolites in plants (Kopsell 
& sams, 2013). it is known that phytochemicals play a 
significant role in delaying or inhibiting oxidative dam-
age caused by free radicals. spectral quality has a pro-
nounced effect on accumulating secondary plant metab-
olites in controlled environment agriculture (alrifai et 
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al., 2019). The studies about the impact of FR light on the 
phytochemicals content are limited. as mentioned above, 
lettuce plants exposed to FR light demonstrated enhanced 
fresh and dry mass, stem length, and leaf length and width, 
but the content of anthocyanin, carotenoid, and chlorophyll 
was reduced (Li & Kubota, 2009); similarly, red leaf lettuce 
grown under R light supplemented with FR light also ex-
hibited lower anthocyanin concentration and antioxidant 
potential (stutte et al., 2009). in such cases, the benefits 
of adding FR light for increased biomass are tentative. in 
many studies, FR light was applied together with b and R 
light, and the overall effect of this light combination on sec-
ondary metabolites concentration was mostly stimulatory, 
while the contribution of FR alone was not evaluated (alri-
fai et al., 2019). This effect could be explained by enhanced 
photosynthesis and, consequently, higher metabolism.

Light spectral quality can greatly affect the efficiency 
of the uptake of resources (water and nutrients) from the 
soil and affect the way of the plants to adjust the compe-
tition for soil resources (sadras et al., 1989; Gundel et al., 
2014). it was shown that the R: FR ratio affects different 
steps of plant nutrition that are critical for enhanced and 
sustainable crop production. it can affect root structure 
(De simone et al., 2000; Gundel et al., 2014) or root growth 
(Klem et al., 2019). The establishment of a nitrogen-fixing 
symbiosis between legumes and rhizobia requires not only 
sufficient primary metabolites but also the sensing of the R : 
FR ratio (suzuki et al., 2011). R : FR sensing also influences 
the arbuscular mycorrhizal (aM) symbiosis of a legume 
and non-legume through jasmonic acid and strigolactone 
signalling (Nagata et al., 2015). in hydroponically grown 
lettuce, far-red light stimulated uptake of N and K, Ca and 
Mg with the latter increasing by 27 %, 25 %, and 28 %, re-
spectively, compared to plants grown under R and b light 
(Pinho et al., 2017).

Postharvest technology is another field in which the 
use of LeD technology emerged as an efficient lighting 
source and its use, including FR light, can affect the nutri-
tional and organoleptic parameters of vegetable plants and 
can be used to delay the senescence of green vegetables (Fa-
vre et al., 2018). The use of R light or light with high R : FR 
ratio has been shown to be the most effective in delaying 
senescence in broccoli (Favre et al., 2018). similarly, tomato 
fruits exposed to LeD light with a high R : FR ratio had in-
creased firmness and higher titratable acidity compared to 
other darkness exposure or other LeD lighting conditions 
(Nájera et al., 2018).

4.3 FR iN oRNaMeNtaL HoRtiCULtURe (FLoRi-
CULtURe)

in growing ornamental plants, one of the essential 

points to consider is the shape of plants, of which stem 
elongation and branching are regarded as very important. 
another vital component is flowering, including flowering 
time and duration, and the number of floral buds. all of 
these contribute to the plant’s visual appearance and there-
fore to its economic value. 

The control of height and branching of many orna-
mental plants represents a major challenge in commercial 
greenhouse production. extremely tall and branched out 
pot plants are prone to breakage and increase production 
costs. Usually, in the production of ornamentals, stem 
growth promotion is not desired, with some exceptions, 
such as the cultivation of cut flowers (Zhang & Runkle, 
2019). Chemical agents, such as plant growth retardants or 
gibberellic acid, are commonly used to regulate stem len-
gth; however, due to the potential negative effects of plant 
growth retardants on human health and the environment, 
limitation of their use is desirable (Rajapakse et al., 1999). 

The development of plant vegetative architecture, 
including stem elongation and branching, is regulated 
mostly by phytochromes, although the participation of 
cryptochromes in inhibition of stem elongation has been 
documented (Liscum et al., 1992). Most plants show some 
degree of shade-avoidance response in an attempt to reach 
more photosynthetic light. Generally, under a reduced R : 
FR ratio, plants elongate. For example, in Digitalis purpu-
rea’ Dalmatian Peach’ seedlings, the addition of 7.9 to 68.8 
µmol m-2 s-1 FR light to white light ended in a 38 % increase 
in shoot length in a dose-dependent manner (elkins et al., 
2019). 

eoD lighting has been widely used recently to re-
gulate extension growth by manipulating the R : FR ratio 
(Downs & Thomas, 1982; islam et al., 2015; ilias & Raja-
pakse, 2005). For example, islam et al. (2014) exposed two 
poinsettia cultivars to R or FR eoD lighting for 30 min at 
10 µmol m-2 s-1 after a 10-hour short day (sD). after 11 we-
eks, the internode length was 55 % to 107 % greater under 
eoD-FR compared with eoD-R. 

Many studies illustrate the variability in species res-
ponses to light quality and underscore the complexity of 
how light regulates stem extension and (flowering) in 
plants (Craig & Runkle, 2013). Variation in plant height 
was found in two poinsettia (Euphorbia pulcherrima Wil-
ld. ex Klotzsch) cultivars under the 2-h eoD lighting tre-
atments, regardless of light quality. The effect was attributed 
to different cultivar specificity (Zhang & Runkle, 2019) and 
the results were in accordance with the findings of Rajapak-
se et al. (1993) (cited by Zhang & Runkle, 2019) who re-
ports that same eoD-FR treatment increased height in one 
chrysanthemum cultivar by ≈ 50 % while the plant height 
of the other cultivar was similar to control. Different sensi-
tivity to the R : FR ratio in stem elongation was observed 
between three sDP species (Chrysanthemum x morifo-
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lium (Ramat.) Hemsl.) , Dahlia x hortensis a. Guillau-
min, and Tagetes erecta L.) (Craig & Runkle, 2013), as well 
as between five LDP species (Campanula carpatica Jacq., 
Coreopsis × grandiflora Hogg ex sweet, Lobelia × speciosa 
sweet, Pisum sativum L., and Viola × wittrockiana Gams) 
(Runkle & Heins, 2001). in the latter study, reaction to 
lower R : FR ratio was greater in the sun-adapted species 
C. carpatica and Platycodon grandiflorus (Jacq.) a.DC.. 
The extension growth was promoted in all five species 
under b-deficient environment. based on the results, the 
authors suggested that blue light plays an important role 
in mediating stem extension in LDP. similar conclusions 
were drawn from the study of petunia (Petunia x hybri-
da hort. ex e.Vilm.,), geranium (Pelargonium x hortorum 
L.H.bailey) and coleus (Solenostemon scutellaroides (L.) 
Codd) seedlings grown under different combinations of 
R, FR, and b light at various intensities in a 16-hour pho-
toperiod. The height of the plants increased linearly with 
lowering R : FR ratio and moderately high b light attenu-
ated the effects of the R : FR ratio on extension growth 
(Park & Runkle, 2019). 

For plants marketed for their flowers, the most cru-
cial point is coordinated control of time and duration 
of flowering. one of the strategies to manage flowering 
without using chemicals is light quality manipulation, 
particularly the R : FR ratio. Low-intensity photoperi-
odic lighting is usually used by horticulturists to alter the 
natural photoperiod to manipulate flowering. The eoD 
lighting of different duration has been used to extend the 
natural photoperiod and create long days; recently, the 
feasibility of adjusting spectral quality of eoD supple-
mental lighting has broadened the range of possible ap-
plications. another favourable approach of lighting, used 
for flowering control, is the use of night interruption (Ni) 
lighting, using the light of differing spectral quality. The 
advantage of short-term lighting is its economic feasi-
bility as a result of its lower intensity requirements and 
shorter application duration (Chia & Kubota, 2010).

Photoperiodic flowering in plants is achieved by 
the interactions of genes involved in the developmental 
control of floral initiation, the regulation of the circa-
dian clock, and the signal transduction of phytochromes 
and cryptochromes receptors. For successful planning of 
flowering, coordination of all environmental factors, in-
cluding light quality and intensity, timing, temperature, 
etc., has to be considered.

in sDP, it is acknowledged that R light is most effec-
tive at inhibiting flowering (Craig & Runkle, 2013), but 
the sensitivity to the R : FR ratio and the duration of Ni 
or eoD lighting differs between species or even cultivars. 

in three sDP ornamental species chrysanthemum , 
dahlia , and african marigold flowering was delayed at 
R : FR 0.66 or greater. Ni treatment that primarily emits 

R light was determined to be the most effective in terms 
of flower inhibition for the sDP studied. The compari-
son between incandescent lights that emit low levels of 
b light and LeD lighting without b light were shown to 
have similar effects on flowering, and it was found that 
b light, not FR light alone, was not needed to regulate 
flowering (Craig & Runkle, 2013).

in LDP, flowering is promoted most when artificial 
lighting contains R and FR light, creating a moderately 
low Pfr/Pt, compared to light deficient in FR (high Pfr/ 
Pt) (Runkle & Heins, 2001). to determine the effect of 
FR, R, and b light on flowering in five LDP species (Cam-
panula carpatica Jacq., Coreopsis × grandiflora Hogg ex 
sweet, Lobelia × speciosa sweet, Pisum sativum L., and 
Viola × wittrockiana Gams), plants were exposed to 16-
hour photoperiod under R-, FR- and b-deficient pho-
toselective filters in addition to a control (no filter). FR 
light promoted flowering, although the analysed species 
showed different sensitivity to changed R : FR ratios. Re-
action to lower R : FR ratio was, similarly as in stem elon-
gation, greater in sun-adapted species C. carpatica and 
C. x grandiflora. The authors observed that the time of 
day when the plants are exposed to FR could also have 
an impact on flowering. in this study, b light had little 
or no effect on flowering, but since the absorption of b 
light has been shown to accelerate flowering in Arabi-
dopsis and Hyoscyamus, the authors speculated that the 
intensity of b light was to low to induce the effect. The 
promotion of flowering by 7-11 days at low R : FR ratio 
was also observed in LDP petunia (Park & Runkle, 2019). 
as in previously cited studies, authors found that b light 
had no effect on on the FR light promotion of flowering.

Zahedi and sarikhani (2016) studied the simultane-
ous effects of eoD FR treatment duration, temperature, 
and plant age on strawberry (Fragaria x ananassa Du-
chesne) development. They demonstrated their synergis-
tic effect on the morphological traits and flower induc-
tion.

4.4 FR iN PLaNt DeFeNCe aND iNteRaCtioNs 
WitH abiotiC FaCtoRs

a vast number of studies has revealed the impor-
tance of phytochromes in plant development, although 
more recently, the evidence of their role in modulating 
different biotic and abiotic stresses is expanding. The 
understanding of the molecular mechanisms underlying 
the reactions controlled by phytochrome is constantly 
increasing. This and the availability of phytochrome 
mutants in different plant species facilitates further in-
vestigation of their role in the complex coordination of 
responses to various environmental factors. The propor-
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tion of R and FR light detected by phytochromes, espe-
cially phy b, has been shown to play a role in regulating 
signalling induced by herbivory (ballaré, 2017), salt stress 
(Cao et al., 2018), drought stress (González et al., 2012) 
and temperature change (Lorenzo et al., 2016). because 
those environmental conditions can greatly affect plant 
productivity, the studies on phytochrome regulation of 
stress responses have become a hot spot of research.

to survive and prosper in different natural condi-
tions, plants must precisely allocate their limited resour-
ces between growth and defence. in an environment with 
low R : FR ratios (shade) the numerous shade avoidance 
responses are triggered; however, the plant’s immunity is 
reduced (McGuire & agrawal, 2005; Roberts et al., 2006). 
The main mechanism underlying defence suppression is 
the simultaneous downregulation of jasmonate and sa-
licylic acid signalling by low ratios of R : FR radiation 
(De Wit et al., 2013; ballaré, 2014). exposure to a low R : 
FR light reduced plant resistance against botrytis cinerea 
Pers. in arabidopsis thaliana (L.) Heynh., (Cerrudo et 
al., 2012; Cargnel et al., 2014) and in tomatoes (Ji et al., 
2019). it was shown that fluorescent illumination with a 
high R : FR ratio (7.0) in comparison with low R : FR ra-
tio (1.1) improved the resistance of cucumber seedlings 
to powdery mildew (shibuya et al., 2011). 

several studies demonstrated that phytochromes, 
especially phyb, play a role in modulating signalling in-
duced by drought stress. Drought tolerance can be pro-
moted or depressed, according to species (Demotes-Ma-
inard, 2016). Gonzalez et al. (2012) evaluated how phyb 
modulates drought-tolerance response by comparing 
wild-type Arabidopsis thaliana adult plants to the null 
phy b mutant in response to water shortage. They propo-
sed that phyb, according to changes in the R : FR ratio, 
increases drought tolerance by enhancing aba sensitivi-
ty. Drought tolerance could also be affected by morpho-
logical responses to the R : FR ratio, such as changes in 
leaf area and hyponasty (Demotes-Mainard et al., 2016).

Recently, it has been shown that exposure to lower 
R : FR ratios improve tomato tolerance to salt stress most 
likely through regulation of antioxidant enzymes and 
non-enzymatic systems and that phytochrome b1 plays 
a very important role in this process. The improved salt 
stress tolerance was accompanied by a higher actual qu-
antum yield of photosynthesis (ΦPsii), electron trans-
port rate (etR), and photochemical quenching (qP), in-
dicating overall healthier growth (Cao et al., 2018). 

5 ConClusIon

The growing knowledge about photoreceptors and 
the mechanisms by which light controls plant growth 

and development have been successfully applied in hor-
ticulture. in recent years, light-emitting diodes (LeDs) 
have facilitated the control of the spectral composition 
of supplemental lighting and expanded the application 
of different solo or combined wavelengths in greenhouse 
plant production. adding FR light or lowering R : FR ra-
tio has been shown to positively affect the photosynthe-
sis and resulting biomass of some vegetable species. FR 
light can simultaneously elicit different morphological 
and physiological responses, among which only some are 
desirable. to efficiently use lighting for the manipulation 
of desired characteristics and to provide the horticultural 
products of high quality, more research is needed to un-
derstand better the mutual influence of different spectral 
combinations of light and other environmental condi-
tions present at cultivation (e.g., photoperiod, tempera-
ture, water availability, nutrition, etc.). in many cases, it 
has been shown that the photomorphogenic responses 
are species-specific and, since the majority of research is 
done on a few model species, the analyses of other spe-
cies would be necessary.
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Bioactivity and effects of spraying interval of selected plant 
extracts for control of pre-flowering insect pests of watermel-
on (Citrulus lanatus[Thunb.] Matsum. & nakai)

Abstract: This experiment was conducted to determine 
the efficacy of plant extracts of Tephrosial vogelii Hook. f., 
Moringa oleifera Lam., Annona squamosa L. and cashew nut 
(Anacardium occidentale L.) at two intervals of spraying against 
major pre-flowering insect pests of watermelon. The results 
show that the effectiveness of each plant extracts depends on 
the interval of spraying. Plants sprayed at 7-day intervals had 
significantly less insect infestation when compared with that of 
10-day interval of spraying. T. vogelii and M. oleifera had higher 
insecticidal efficacy than A. squamosa and cashew nut extracts 
but the applied plant extracts had the same insecticidal poten-
tial with Lambda-cyhalothrin against the observed insects dur-
ing late planting season. Therefore, the plant extracts proved to 
be alternative to synthetic insecticide in the management of in-
sect pests of watermelon at 7-day interval application sequence.

Key words: Tephrosial vogelii; Moringa oleifera; Annona 
squamosa: Annacadium occidentale; watermelon

Biološki učinki intervalov škropljenja z izvlečki izbranih ra-
stlin za uravnavanje škodljivih žuželk vobdobju pred cvete-
njem lubenice (Citrulus lanatus[Thunb.] Matsum. & nakai)

Izvleček: Namen poskusa je bil določiti učinkovitosti 
izvlečka izbranih rastlin (Tephrosial vogelii Hook. f., Moringa 
oleifera Lam., Annona squamosa L. , Anacardium occidentale 
L.)v dveh intervalih škropljenja na glavne škodljivce lubenice 
v obdobju pred cvetenjem. Rezultati kažejo, da je učinkovitost 
vsakega od rastlinskih izvlečkov odvisna od interval škroplje-
nja. Rastline, ki so bile škropljene v 7-dnevnih intervalih so bile 
značilno manj okužene v primerjavi s tistimi, ki so bile škro-
pljene v 10-dnevnih intervalih. Vrsti T. vogelii in M. oleifera sta 
imeli večjo insekticidno učinkovitost kot vrsti A. squamosa in 
Anacardium occidentale. Uporabljeni rastlinski izvlečki so imeli 
na opazovane žuželke med pozno rastno sezono enak insek-
ticidni potencial kot lambda-cihalotrin. Rastlinski izvlečki so 
se izkazali kot dobra alternativa sintetičnim insekticidom pri 
uravnavanju škodljivcev na lubenici pri 7-dnevnih intervalih 
uporabe.

Ključne besede: Tephrosial vogelii; Moringa oleifera; An-
nona squamosa; Annacadium occidentale; lubenica
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1 IntroduCtIon

Watermelon (Citrullus lanatus[Thunb.] Matsum. & 
Nakai) belongs to the Cucurbitaceae family, which in-
cludes about 118 genera and 825 species (Dane and Liu, 
2007). it originates from Kalahari and sahara deserts in 
africa (schippers, 2000) and now found in tropical and 
subtropical climates worldwide. However, this crop has 
been cultivated for a long time in africa and in the mid-
dle east and egypt (Huhet al., 2008; Gichimuet al., 2009).

Watermelon is a major cucurbit crop, which ac-
counts for 6.8 % of the world area (second to tomato) 
devoted to vegetable production in 2005. a rough esti-
mate of annual word value of watermelon exceeds $ 15 
billion (Fao, 2005).Report claims that watermelon is 
the most popular cucurbits, followed by cucumber and 
melon (Fao, 2006).in Nigeria, it is grown intensively in 
the northern region and bulk of it is produced from this 
agro-ecological zone (iita, 2007). Recently, its cultiva-
tion has spread to the west and east of southern Nigeria. 
but yields from this region are generally low due to insect 
pest infestation (alao and adebayo, 2015). insect pests 
such as Zonocerus variegatus L., 1758, Aulocophoral af-
finis D., 1835, Phyllotreta cruciferae (Goeze, 1777), Bac-
trocera cucurbitea (C., 1849) e.t.c have been implicated to 
have caused economic damage to this crop (olaifa, 1987; 
alwood, 1999; alao, 2015). 

in view of the aforementioned fact, control of pests 
becomes imperative. The use of synthetic insecticides to 
control the menace of this problem is a common practice 
among the majority of farmers in developing countries. 
Most of the farmers are not aware of the hazardous effects 
of these synthetic insecticides due to lack of education. 
in the last decade, entomologists and environmentalists 
have proposed for the use of plant extracts as alterna-
tive to the synthetic insecticides. However, most of these 
plants are abundant in the tropical region and have also 
medicinal value (isman, 2006). The use of plant extracts 
in the management of field and stored product pests in 
the developing countries is a welcome development in 
the pest management program.insecticides derived from 
plants have been reported as the credible alternative to 
synthetic insecticides (alao and adebayo, 2011). Unlike 
conventional insecticides, plants derived insecticides 
contain an array of chemical compounds, which act con-
certedly on both behavioral and physiological processes. 

Tephrosia vogelii Hook f. is a small leguminous shrub, 
which grows to a height of about three to four meters. it 
is a perennial shrub with flowers and pods. The plant is 
widely distributed in the tropical, sub-tropical and re-
gions of the world (al-Zahrani, 2007). T. vogelii is tradi-
tionally used for its inchthyotoxic, insecticidal and food 
parasitical properties (ibrahimet al., 2000; Dzendaet al., 

2007; Qureshiet al., 2010).Moringa oleifera Lam. is a pan-
tropical treespecies that is known by such regional names 
as benzolive, drumstick tree, kelor, marango, saijhan and 
sajna (Fahey, 2005). it is the most widely cultivated spe-
cies of a monogeneric family, the Moringaceae, that is na-
tive to the sub-Himalayan tracts of india and Pakistan. it 
has become naturalized in many locations in the tropics 
and is widely cultivated in africa, Ceylon, Thailand, bur-
ma, singapore, West indies, sri Lanke india, Mexico, Ma-
labar, Malaysia and the Philippines (Fashey, 2005; shukla 
et al., 2011).The annonaceae is a large family of almost 
exclusively tropical trees and shrubs comprising about 
130 general and 2300 species (Cronguist, 1993). Leatemia 
and isman (2004) reported that plant parts of some spe-
cies of this family have been used traditionally as insec-
ticides.The soursop (Annona muricata L.), sweetsop (A. 
squamosa L.), langsat (Lansium domesticum Corr.) and 
Sandoricum koetijape (burm. f.) Merr. are abundant spe-
cies in the tropics (isman, 2006). Cashew (Anacardium 
occidentale L.) belongs to the family anacardiaceae. The 
plant is a native to North-eastern brazil, where it is called 
by its Portuguese name caju (the fruit) or cajueiro (the 
tree) (Varghese and Pundir, 1964). Cashew nut extracts 
contains a high proportion of phenolic compounds, an-
arcadic acid and cardole (oparaeke et al., 2005; olotuah 
and ofuya, 2010; Mukhopadyayet al,2010).

2 MAterIAls And MetHods

2.1 stUDY site

The field experiment was conducted in the cropping 
season of 2011 and 2012 at Ladoke akintola University of 
technology (LaUteCH) teaching and Research Farm, 
ogbomoso, oyo state, Nigeria.This region is position on 
longitude 4°3’e and latitude 10°5’N. The region climate is 
described as hot humid tropical falls in southern Guinea 
savannah of Nigeria with a mean temperature of 27 °C 
and annual rainfall of 1400mm, marked with dry and 
wet seasons, characterized by a bi-modal rainfall pattern 
with peaks in July and september and a short period of 
harmattan in between the seasons.

2.2 eXPeRiMeNtaL DesiGN aND MaNaGe-
MeNt

The experimental field was harrowed and ploughed 
once and thirty (30) plots were mapped out and each ex-
perimental plot size was 3 m x 3 m with four plant stand 
rows. This experiment was arranged and demarcated 
in a randomized complete block design. There were six 
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treatments with three replicates. two to four watermelon 
seeds (sugar baby) were sowed per hole. two weeks after 
planting, thinning was done to one plant per stand. each 
plot contained four plant rows.

2.3 PRePaRatioN oF PLaNt eXtRaCts

The plants species screened for insecticidal prop-
erties were leaves of T. vogelii, M. oleifera, seeds of A. 
squamosa and cashew nuts. all the plant materials were 
air dried for 3-4 days to reduce the moisture content 
except cashew nut, which was left to stay for more than 
three weeks. in order to prepare extract from each of 
them, the target plant parts were crushed separately in a 
wooden mortal with pestle. 500 g each of the paste mate-
rial was weighed separately with the sensitive scale into 
10-litre plastic bucket containing 1000 ml of water. These 
were allowed to settle overnight and the aqueous suspen-
sions were filtered through muslin cloth. The filtrate then 
served as stock solution for the experiment. 1000 ml were 
measured from the stock solution. This method of prepa-
ration of crude extracts is in line with already established 
method by alao and adebayo (2011), however, each of 
the plant extract and synthetic insecticide were further di-
luted with 1000 ml of water to achieve the same spraying 
volume for all the treatment.

2.4 tReatMeNt aPPLiCatioN

application of plant extracts was done (i) as spray at 
7-day intervals and five weekly observations were made 
(ii) or spray at 10-day intervals and four weekly obser-
vations were made. The synthetic insecticide lambda-cy-
halothrin was applied once in a week at manufacture’s rec-
ommended rate. The foliar application of the treatments 
was done early in the morning with hand-held sprayer of 
2-litre capacity. Unsprayed plots were included.

2.5 Data CoLLeCtioN

Population densities of insect pests were counted 
visually from four plant stands in the two middle plant 
rows. The observed adult insects collected were taken to 
insect Muzeum at University of ibadan for the identifica-
tion of the species.

Percentage of leaves defoliation: estimation of rate of 
defoliated leaves were done 2nd week after spraying and 
the leaves showing evidence of shot holes were considered 
as being damaged by the studied insects. This was done 
visually by counting the defoliated leaves and total num-

ber of leaves from the four selected plant stands in the two 
middle plant rows. Percentage of defoliated leaves was de-
termined using the formula described below:

% leaves damaged = (total no. of leaves produced per 
plant – no. of undamaged leaves) × 100

total number of leaves produced

Yield: Three months after planting, the matured 
fruits were harvested and weighed on the field with man-
ual scale in kilogram (kg), which was later calculated in 
tons per hectare (t ha-1).

2.5 Data aNaLYsis

Data collected were subjected to analysis of vari-
ance (aNoVa) using randomized complete block design. 
significant means were separated with Duncan Multiple 
Range test at 5 % probability. to normalize variances 
for all analyses, the numbers of insects were square-root 
transformed. However, insecticide efficacy was calculated 
using abbott’s formula:  

efficacy = (Ca – ta / Ca) x 100.

Ca – The total number of the insect from the un-
treated plants

ta – The total number of the insect from the treated 
plants

3 results

3.1 eFFeCt oF iNteRVaL oF sPRaYiNG oF iN-
seCtiCiDes oN Aulocophora africana Mon., 1855

During early planting season, there was no signifi-
cant difference(p < 0.05) in the efficacy of M. oleifera and 
T. vogelii at 7 days interval, but T. vogelii treated plots had 
significant lower(p < 0.05)A. africana infestation than M. 
oleifera treated plots at 10 days interval. Meanwhile, the 
efficacy of T. vogelii was comparable with lambda-cyhalo-
thrin at 7-day interval, but this observation contradicts 
what was observed at 10-day interval. During late plant-
ing, M. oleifera and T. vogelii had the same statistical effect 
(p < 0.05) on infestation at 7-day intervals, meanwhile M. 
oleifera significantly (p < 0.05) suppressed A. africana in-
festation as it was observed in lambda-cyhalothrin treat-
ed plots at 10-day interval. However, application of plant 
extracts at 7-day interval had significant effect (p < 0.05) 
on reduction A. africana infestation than that of 10-day 
interval (table 1).
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3.2 eFFeCt oF iNteRVaL sPRaYiNG oF iNseCti-
CiDes oN COCCINELLA Septempunctata Lin., 1758

among the plant extracts, cashew nut extract had the 
least insecticidal effect on C. occidentallis at 7 and 10-day 
intervals during early planting season. None of the plant ex-
tracts showed comparable effect with lambda-cyhalothrin 
during early planting season. T. vogelii extract had the high-
est insecticidal potential when compared with other tested 
plant extract in the early planting season.

During late planting season, the tested plant extracts 
compete effectively with lambda-cyhalothrin at 7-day inter-
val of spraying. This result is similar to what was observed at 
10-day interval spraying except cashew nut extracts which 
had the highest C. occidentalis infestation among the treated 
plots (table 2).

3.3 eFFeCt oF iNteRVaL oF sPRaYiNG oF iNseC-
tiCiDes oN Monoleptas australis Dej., 1836.

application of M. oleifera had highest insecticidal effi-
cacy (29.2 %), when compared with other plant extracts at 
7-day interval of spraying during early planting season, but 
there were no significant difference (p < 0.05) between the 

efficacy of M. oleifera and T. vogelii at 10-day intervals. at 
10-day interval cashew nut treatment had the highest popu-
lation density of Monolepta spp. when compared with other 
plant extracts treated plants during early planting season. 
During late planting season, there was no significant differ-
ence (p < 0.05) between treated plots and untreated plots.

3.4 eFFeCt oF sPRaYiNG iNteRVaLs oN Rate oF 
LeaF DeFoLiatioN

The results obtained showed that unprotected leaves 
were heavily attacked by the observed insects during both 
seasons, but the intensity of defoliation was higher in the 
early planting season than late planting season. During early 
planting season, plants sprayed with T. vogelii and M. oleifera 
at 7 and 10 days–intervals had significantly better (p < 0.05) 
protected leaves against the leaf feeding insects, when com-
pared with other plant extracts. 

3.5 eFFeCt oF sPRaYiNG iNteRVaLs oN YieLD (t 
ha-1)

among the plant extracts applied, T. vogelii treated 

insecticides
spraying interval (days)

efficacy (%)7 10
early season Annona squamosa

Cashew nut

Control

Moringa oleifera

lambda-cyhalothrin

Tephrosia vogelii

spray interval (mean)

2.41 ± 0.12bc

2.54 ± 0.15ab

3.02 ± 0.15a

1.95 ± 0.12c

1.39 ± 0.26d

1.95 ± 0.12c

2.21b ±0.15

2.60 ± 0.18ab

2.73 ± 0.14ab

3.02 ± 0.15a

2.48 ± 0.12abc

1.39 ± 0.26d

2.33 ± 0.15bc

2.43a ±0.17

17.05

12.75

-

26.65

54.00

29.15

Late season Annona squamosa

Cashew nut

Control

Moringa oleifera

lambda-cyhalothrin

Tephrosia vogelii

spray interval (mean)

1.29 ± 0.24bc

1.74 ± 0.23ab

2.04 ± 0.12a

0.71 ± 0.00d

0.71 ± 0.00d

0.71 ± 0.00d

1.20a ±0.09

1.76 ± 0.19ab

1.86 ± 0.17a

2.04 ± 0.12a

0.71 ± 0.00d

0.71 ± 0.00d

1.17 ± 0.22cd

1.37b ±0.12

25.25

11.75

-

100.00

100.00

71.35

table 1: effect of interval of spraying of insecticides on aulocophora africana population

Means with the same superscript(s) along the column are not significantly different at 5 % probability using DMRt.
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insecticides
spraying interval (days)

efficacy (%)7 10
early season Annona squamosa

Cashew nut

Control

Moringa oleifera

Lambda-cyhalothrin

Tephrosia vogelii

spray interval (mean)

2.26 ± 0.17bcd

2.55 ± 0.00abc

3.02 ± 0.15a

2.12 ± 0.00cd

1.39 ± 0.26e

1.95 ± 0.12d

2.22b ±0.12

2.79 ± 0.15ab

2.79 ± 0.15ab

3.02 ± 0.15a

2.41 ± 0.12bcd

1.39 ± 0.26e

2.48 ± 0.12abcd

2.48a ±0.16

16.40

11.60

-

25.00

54.00 

26.66

Late season Annona squamosa

Cashew nut

Control

Moringa oleifera

Lambda-cyhalothrin

Tephrosia vogelii

spray interval (mean)

0.71 ± 0.00b

0.88 ± 0.15b

1.68 ± 0.14a

0.71 ± 0.00b

0.71 ± 0.00b

0.71 ± 0.00b

0.90a ±0.05

0.90 ± 0.24b

1.27 ± 0.25ab

1.68 ± 0.14a

0.88 ± 0.15b

0.71 ± 0.00b

0.90 ± 0.24b

1.06a ±0.17

73.20

36.00

-

73.80

100.00

73.20

table 2: effect of interval of spraying of insecticides on Coccinela septempunctata population

Means with the same superscript(s) along the column are not significantly different at 5 % probability using DMRt

insecticides
spraying interval (days)

efficacy (%)7 10
early season Annona squamosa

Cashew nut

Control

Moringa oleifera

Lambda-cyhalothrin

Tephrosia vogelii

spray interval (mean)

2.55 ± 0.00abc

2.73 ± 0.19abc

3.38 ± 0.21a

2.18 ± 0.19cd

1.65 ± 0.30d

2.41 ± 0.17bcd

2.48b ±0.18

2.97 ± 0.11abc

3.12 ± 0.19ab

3.38 ± 0.21a

2.61 ± 0.11abc

1.65 ± 0.30d

2.65 ± 0.22abc

2.73a ±0.19

18.35

13.45

-

29.15

51.20

25.15

Late season Annona squamosa

Cashew nut

Control

Moringa oleifera

Lambda-cyhalothrin

Tephrosia vogelii

spray interval (mean)

0.71 ± 0.00a

0.71 ± 0.00a

0.99 ± 0.24a

0.71 ± 0.00a

0.71 ± 0.00a

0.71 ± 0.00a

0.76a ± 0.04

0.71 ± 0.00a

0.71 ± 0.00a

0.99 ± 0.24a

0.71 ± 0.00a

0.71 ± 0.00a

0.71 ± 0.00a

0.76a ± 0.04

100.00

100.00

-

100.00

100.00

100.00

table 3: effect of interval of spraying of insecticides on Monolepta spp. population

Means with the same superscript(s) along the column are not significantly different at 5 % probability using DMRt.
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insecticides
spraying interval (days)

insecticides (Mean)7 10
early season Annona squamosa

Cashew nut

Control

Moringa oleifera

Lambda-cyhalothrin

Tephrosia vogelii

spray interval (mean)

42.1 ± 0.75cd

46.9 ± 0.86bcd

61.2 ± 0.65a

39.1 ± 0.81de

31.0 ± 0.65e

39.1 ± 0.81de

43.3b ±0.76

48.9 ± 0.61bc

52.8 ± 0.62ab

61.2 ± 0.65a

45.0 ± 0.80bcd

31.0 ± 0.65e

45.0 ±0.80bcd

47.3a ±0.69

45.5bc

49.9b

61.2a

42.1c

31.0d

42.1d

Late season Annona squamosa

Cashew nut

Control

Moringa oleifera

Lambda-cyhalothrin

Tephrosia vogelii

spray interval (mean)

28.8 ± 0.65abcd

33.2 ± 0.00abc

43.1 ± 0.61a

23.9 ± 0.72bcd

15.0 ± 1.23d

17.7 ± 1.31cd

26.9a ±0.75

37.2 ± 0.62ab

36.9 ± 1.02ab

43.1 ± 0.61a

33.0 ± 0.84abc

15.0 ± 1.23d

28.8 ± 0.65abcd

32.3a ±0.83

33.0abc

35.1bc

43.1a

28.4bc

15.0d

23.3d

table 4: effect of interval of spraying of insecticides on rate of leaf defoliation (%)

Means with the same superscript(s) along the column are not significantly different at 5 % probability using DMRt.

insecticides
spraying interval (days)

Yield(t ha-1)7 10
early season Annona squamosa

Cashew nut

Control

Moringa oleifera

Lambda-cyhalothrin

Tephrosia vogelii

spray interval (mean)

17.0 ± 0.79bcd

20.8 ± 0.94bc

7.67 ± 0.53d

20.8 ± 0.94bc

30.7 ± 0.48a

22.2 ± 0.95ab

19.9a ±0.77

13.3 ± 0.68bcd

11.7 ± 0.72cd

7.67 ± 0.53d

13.8 ± 0.61bcd

30.7 ± 0.48a

15.0 ± 0.76bcd

15.4b ±0.63

15.2b

16.3b

7.67c

17.3b

30.7a

18.6b

Late season Annona squamosa

Cashew nut

Control

Moringa oleifera

Lambda-cyhalothrin

Tephrosia vogelii

spray interval (mean)

16.7 ± 0.80bc

15.3 ± 0.96bc

8.33 ± 0.57c

18.8 ± 0.56ab

26.7 ± 0.57a

18.03 ±1.08ab

17.3a ±0.76

11.0 ± 0.63bc

8.60 ± 0.59c

8.33 ± 0.57c

12.0 ± 0.44bc

26.7 ± 0.57a

11.8 ± 0.58bc

13.1b ±0.56

13.9bc

12.0bc

8.33c

15.4b

26.7a

14.9b

table 5: effect of interval of spraying of insecticides on melon yield (t ha-1)

Means with the same superscript(s) along the column are not significantly different at 5 % probability using DMRt.
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plants produced the highest yield (22.2 t ha-1) followed by M. 
olefera treated plots in the early planting season at 7-day in-
tervals during early planting season. There was no significant 
difference (p < 0.05) between the plots sprayed with T. vogelii 
and M. oleifera at 10-day intervals in respect to yield. 

However, significant higher yield was obtained from 
the plots sprayed with T. vogelii and M. oleifera at 7-day in-
tervals during late planting season but yield obtained from A. 
squamosa treated plots was significantly the same as the yield 
obtained from M. oleifera and T. vogelii treated plots.

4 dIsCussIon

The level of insect infestation determines the efficacy 
of the applied insecticides. This experiment revealed that 
the protected plants had lower insect infestation than un-
protected plants. This is an indication that plants sprayed 
with T. vogelii, M. oleifera, A. squamosa and C. occidentale 
extracts had significant insecticidal action in the control of 
Monolepta spp., A. africana and C. occidentalis. However, the 
insecticidal potential exhibited by these plant extracts can be 
attributed to the insecticidal active compounds isolated from 
each tested plant extracts. Rotenone has been reported by 
Neuwinger (2004), sileshetal. (2005), Nyirendaet al. (2010) 
as insecticidal compound isolated from T. vogelii. Rotenone 
has also been described as a mitochondria poison, which 
blocks the electron transport chain and prevents energy pro-
duction (Hollingsworth et al., 1994). Research has shown 
that quercetin and kaempferol derived from M. oleifera have 
been reported as insecticidal compounds (Pace-asciak et al., 
1995). The efficacy of M. oleifera in the control of field and 
stored products insect pests has been reported (alao and 
adebayo, 2015; babarinde et al., 2013; ileke and olotuah, 
2012). acetenogins and anacardic acid reportedly isolated 
from A. squamosa and A. occidentalium respectively were 
also found to be effective against insect pests infestations 
(olotuah and ofuya, 2010; oparaeke and olubunmi, 2006).

The data suggest that the effectiveness of each test plant 
extracts depends on the interval of spraying. Plant sprayed 
at 7-day interval of spraying had higher efficacy against the 
observed insects than that of 10-day spraying interval. This 
suggests that environmental factors such as wind and sun-
light reduce the potency of the applied plant extracts through 
degradation (eileen and sydney, 2013) meaning that the lon-
ger the plant extracts stay on the plant the easier the reduc-
tion in the insecticidal potential. This characteristic nature of 
the plant extracts is the major limitation of the plant extract 
as an insecticide (isman, 2006). based on this, botanical in-
secticides are not true insecticide, but they form a basis for 
the formulation of new synthesized insecticides, which are 
environmentally friendly to our farmers, consumers as 
well as beneficiary insects such as bees.

These results suggest that plant extracts were not 
effective as synthetic insecticide (lambda-cyhalothrin).
This can be attributed to the photostability nature of the 
synthetic insecticide used. This showed that consump-
tion of the synthetic insecticide treated fruits may have 
negative health impact on the human health. This may 
likely boost the economy of our poor resource farmers, 
because of their availability of the tested plant extracts. 
However, the preparation of plant-based insecticides 
does not call for any technicality.

Yield has been reported as the ultimate goal of farm-
ers, but insect pests infestations have been described as 
the major factor that hindered the hope of resource farm-
ers (alao, 2015). Yield obtained from the plots sprayed at 
10-day intervals was significantly lower compared with 
the yield obtained from the plots sprayed at 7-day inter-
vals. This might have been due to significant higher level 
of insects attacked on the plants sprayed at 10-day inter-
vals. This also suggest that the observed insect contribute 
negatively to the yield of watermelon.Lambda-cyhalo-
thrin had higher insecticidal efficacy against insect infes-
tations, when compared with plant extracts during early 
planting season. This can be attributed to photostability 
nature of synthetic pyrethroid (Pedigo and Rice, 2014). 
However, the efficacy of plant extracts as insecticides was 
comparable with lambda-cyhalothrin during late plant-
ing season, this is due to low level of insect infestation 
observed during the late planting season.

5 ConClusIon

This experiment shows that plant extracts can be 
used in the management of insect pests of watermelon. 
Meanwhile, T. vogelii and M. oleifera exhibited higher 
insecticidal potential than A. squamosa and A. occiden-
talis. The tested plant extracts had short lasting insecti-
cidal effects when compared with lambda-cyhalothrin, 
which actually killed the observed insects. This delayed 
effect is the major characteristic of botanical insecticides 
isman, 2008). any of these plants extracts can be applied 
at 7-day intervals. The use of plant extracts in the man-
agement of field and stored product pests in the develop-
ing countries will be a welcome development in the pest 
management program.
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bacterial-inducible cis-regulatory elements in the promoter 
regions in Oryza sativa l.

Abstract: bacterial blight of rice caused by Xanthomonas 
oryzae pv. oryzae (Xoo) is one of the most critical diseases in 
rice. in order to study rice responsive genes to bacterial stress, 
microarray data were retrieved from Geo dataset. to identify 
the responsive genes to biotic stress (bacteria) bioinformatic 
tools were employed and the data presented in the forms of 
heatmap, gene ontology, gene network, and cis-element pre-
diction were used. almost all responsive genes were down-
regulated at around 3 h time point and up-regulated 24 h time 
point in response to bacterial stress in rice varieties (Oryza 
sativa subs. japonica ‘iR64’, ‘iRbb5’, ‘iRbb7’ and ‘Y73’). Gene 
ontology showed that genes are involved in different biological 
processes including translation and cellular protein metabolic 
processes. Network analysis showed that genes expressed in 
response to pathogen infection (Xoo) included protein trans-
lation, eukaryotic initiation factors (eiFs), ribosomal proteins, 
protein ubiquitin, and MaPK genes. The genes expressed in re-
sponse to bacterial stress can enable plant balance between syn-
thesis and degradation of proteins which in turn allows plants 
for further growth and development. tata-box and Caat box 
had the highest number of cis elements involved in bacterial 
stress. These genes can provide novel insights into regulatory 
mechanisms in biotic stress responses in rice. identification of 
bacterial stress response/tolerance genes of rice can assist the 
molecular breeding of new rice varieties tolerant to bacterial 
stress. 

Key words: rice; differentially-expressed genes (DeGs); 
bacterial stress; gene ontology; gene network

določanje odzivnih genov in analiza genov, ki jih v promo-
torskih območjih riža (Oryza sativa l.) inducirajo bakterijski 
cis-regulatorni elementi

Izvleček: bakterijski ožig riža, ki ga povzroča vrsta 
Xanthomonas oryzae pv. oryzae (Xoo) je ena izmed najbolj kri-
tičnih bolezni riža. Za preučevanje odzivnih genov pri rižu na 
bakterijski stres so bili pridobljeni podatkovni seti eksperimen-
ta mikromrež iz podatkovne baze Geo. Za določanje odzivnih 
genov na bakterijski stres so bila uporabljena bioinformacijska 
orodja, katerih rezultati so bili predstavljeni v obliki barvnih 
vizualizacij, genske ontologije, genskega omrežja in napovedi 
cis-elementov. skoraj pri večini odzivnih genov je bilo izražanje 
zavrto po približno 3 urah in aktivirano po približno 24 urah 
kot odziv na bakterijski stress pri sortah riža kot so Oryza sati-
va subspecies japonica ‘iR64’, ‘iRbb5’, ‘iRbb7’ in ‘Y73’. Genska 
ontologija je pokazala, da so ti geni vključeni v različne biološke 
procese, vključno s translacijo in presnovnimi procesi protei-
nov v celici. analiza genskega omrežja je pokazala, da so geni, 
ki so se izrazili kot odziv na okužbo s patogenom (Xoo) vklju-
čevali translacijo proteinov, eukariontske iniciacijske faktorje 
(eiFs), ribosomalne proteine, protein ubikvitinin in MaPK 
gene. Geni, ki se izrazijo kot odziv na bakterijski stres omogo-
čajo rastlini usklajevanje med sitezo in razgradnjo beljakovin, 
kar ji omogoča nadaljno rast in razvoj. Zaporedja nukleotidov 
kot so tata in Caat območja so imela največje število cis 
elementov povezanih z bakterijskim stresom. ti geni lahko 
dajo nove vpoglede v regulatorne mehanizme pri odzivu riža 
na biotski stres. identifikacija na bakterijski stres tolerantnih in 
odzivnih genov lahko pripomore pri molekularnem žlatnjenju 
novih sort riža, tolerantnih na bakterijski stres.

Ključne besede: riž; diferencialno izražanje genov 
(DeGs); bakterijski stres; genska ontologija; genske mreže
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1 IntroduCtIon

Rice (Oryza sativa L.), the world’s most important 
staple crop, is the primary source of food for more than 
three billion people (Dawe, 2000). Rice production is af-
fected by both biotic and abiotic stresses (sharma et al., 
2012). bacterial blight is one of the most destructive dis-
eases of rice causing serious yield loss to rice varieties 
(sharma et al., 2012; agrawal et al., 2002). Rice has been 
used as a model crop in host-pathogen interactions, bac-
terial pathogenesis and defense responses in monocotyle-
donous plants (Li et al., 2006). Recently, high-throughput 
techniques have provided appropriate opportunities for 
detecting complex signaling pathways and genetic net-
works involved in response to biotic and abiotic stresses 
(Meena et al., 2017). one of the most important tech-
niques is microarray analysis that can be employed for 
such analysis. Microarray analysis showed that hundreds 
of genes involved in MaP cascade, hormone signaling, 
cell wall, and primary and secondary metabolism were 
induced or inhibited after Xoo infection (Grewal et al., 
2012). according to other studies, genes induced and 
expressed in response to abiotic and biotic stresses in-
clude eukaryote initiation factors (eiF3), the DeaD-box 
(eiF4), ribosomal proteins (RPL and RPs), MaPK kinas-
es, peptidases, and ubiquitin genes. Ribosomal protein 
(RP) is a critical factor in joining the 40s and 60s ribo-
somal subunits into a functional 80s ribosome (eisinger 
et al., 1997). RPs have essential roles in stabilizing the 
ribosomal complex and mediating polypeptide synthesis 
in addition to extra-ribosomal functions such as their 
involvement in response to the environmental stresses 
(sormani et al., 2011). Plants can balance between pro-
tein synthesis and degradation which in turn will allow 
them to grow further and develop.

in the present study, an effort has been made to dis-
sect the rice-bacterial interaction system at 3, 6, 12, and 
24 hours after inoculation (hai) in iR24, iRbb5, iRbb7, 
Y73 hosts based on publicly available data sets (Chen et 
al., 2016). infection with Xanthomonas oryzae pv. oryzae, 
leads to up-regulation of a large number of RPs genes 
by bLb. it has been reported that RP genes were sig-
nificantly up-regulated in response to abiotic and biotic 
stresses in rice (Moin et al., 2016; sormani et al., 2011). 
For resistance, controlling the turnover of a protein is a 
fundamental regulatory mechanism in post-translation-
al modifications in plants, allowing rapid response and 
improved plant adaptation to internal and external sig-
naling produced by changing environmental conditions 
(boycheva et al., 2015). The aims of this work included 
identification of genes responsive to bacterial stress, 
genes associated with translation, ribosomal proteins, 
protein biosynthesis, and signaling pathways. Further, 

cis-regulatory elements in the promoter regions of the 
up-regulated genes were predicted.

2 MAterIAls And MetHods

Pathogen resistance microarray data were down-
loaded from NCbi Geo database (www.ncbi.nlm.nih.
gov/geo/) in response to bacterial pathogen Xanthomonas 
oryzae pv. oryzae in Oryza sativa (subspecies japonica 
‘iR64’, ‘iRbb5’, ‘iRbb7’) represented by Gse33411 data 
set and (‘Y73’) variety represented by Gse36093 dataset 
(Chen et al., 2016). These datasets consist of transcrip-
tome data with three biological replicates (a total of 51 
samples). to study the regulation of genes at time points, 
the genes were analyzed from a range of 3 h to 24 h in 
response to bacterial infection. 

analysis of data was carried out by fold change 
which was based on log2 ratio, followed by normalizing 
the data using Robust Multiarray average (RMa) meth-
od (bolstad et al., 2003) and applied to affymetrix data 
using R software with the affy package. Then the ratio 
expression of the genes examined under 3 h to 24 h in re-
sponse to bacterial infections were compared to control 
and the DeGs were selected by p- < 0.05 as the statistical 
significance. The filtered data with DeGs > 2 was consid-
ered as up-regulated genes and DeGs < -2 was considered 
as down regulated. The probe iDs were converted into 
affymetrix iDs to gene names and to detect the function 
of genes affected by oryzaexpress database (http://bioinf.
mind.meiji.ac.jp/oryzaexpress/iD_converter). Probe 
sets were mapped to the MsU Rice Genome annota-
tion Project gene set (release 6.1). in this study, analysis 
of data was performed by fold change which was based 
on log2 ratio, followed by normalizing the data (the ratio 
expression of the genes examined under bacterial infec-
tion to control). baR database (http://bar.utoronto.ca/
welcome.htm) was used to identify co-expressed genes 
and to draw the protein-protein interaction networks 
(szklarczyk et al., 2016). single probes were matched 
with only one iD gene. in the datasets, samples and genes 
were filtered to reduce missing data between -2 < to < 2 
fold changes. Gene ontology analysis was carried out us-
ing the singular enrichment analysis (sea) tool offered 
by agriGo (Du et al., 2010).

2.1 tHe NetWoRK oF Co-eXPResseD GeNes

The Pearson correlation coefficient of bacterial rice 
genes were obtained from the baR database. The inter-
actions among all genes were performed using the “The 
Rice interactions Viewer” web in baR (http://bar.uto-
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ronto.ca/welcome.htm) (Hossain et al., 2016). Nodes are 
colored according to its subcellular localization, edges 
are colored according to its co-expression correlation, 
and the line thickness correlates to CV. Queries pro-
duced a database of 37472 predicted and 430 confirmed 
Rice interacting proteins (http://bar.utoronto.ca/wel-
come.htm). 

2.2 eXPRessioN stUDY oF baCteRiaL GeNes

in order to figure out the differential gene expres-
sion (DeGs) under developmental stage, bacterial gene 
expression data was extracted by genevestigator from O. 
sativa database using affymatrix Rice Genome array 
platform (os_aFFY_RiCe-0) and ‘Perturbations’ tool. 
DeGs with p < 0.05 and log fold-change values ≥ 2 and 
≤ -2 were selected for genes. Genevestigator (https://
genevestigator.com/gv/) was utilized to determine the 
expression of bacterial genes in different developmental 
stages in rice.

2.3 PReDiCtioN oF Cis ReGULatoRY eLe-
MeNts 

to access the presence of bacterial stress-responsive 
cis-regulatory elements, the nucleotide sequences of_1 
kb upstream of each gene was retrieved from the data-
base and submitted to the Plant Cis-acting Regulatory 
elements database (PlantCaRe) (http://bioinformatics.
psb. ugent.be/webtools/ plantcare/html/) (Lescot et al., 
2002). PlantCaRe program is designed to identify new 
regulatory elements under in silico from transcriptome 
data. The database can be queried on names of transcrip-
tion factor (tF) sites, motif sequence, function, species, 
cell type, gene, tF and literature references.

3 results And dIsCussIon

in this study, we surveyed responsive genes to bac-
terial stress using different bioinformatics databases. 
Here, we have described names and alternate names of 
genes, upstream promoter of significant genes, gene on-
tology, and expression of their genes (table 2). Genes 
were down-regulated at around 3 h time point and were 
up-regulated at 24 h time point in response to bacterial 
stress in all rice cultivars (iRRb5, iRRb7, iR64, and Y73). 
The down-regulated genes at around 3 h time point can 
be assumed to have a pivotal role in early defense signal-
ing and might have a function in reconstructing the pro-
teins synthesis apparatus (ouyang et al., 2007). Thus, the 

genes up-regulated after 24 hours of stress may interfere 
with the synthesis and degradation of proteins.

3.1 DeteCtioN oF ResPoNsiVe-GeNes iN-
VoLVeD iN Co-eXPResseD GeNe Net-
WoRK 

The network analysis of significant genes (in total 
251) is given in Figure 3. Nodes are illustrated according 
to protein subcellular localization, edges are illustrated 
according to its co-expression correlation and the line 
thickness correlates to CV. alternatively, based on rice 
gene expression data sets available in the baR database, 
nodes can be colored according to their expression lev-
els in specific organelles (toufighi et al., 2005). For each 
edge connecting a pair of proteins, the RiV is able to 
show different colors based on the co-expression value 
(PCC). overall, for a pair of proteins to physically in-
teract, each protein must be located at the same or ad-
jacent subcellular compartments either permanently or 
transiently.

in the network, LoC_os01g66520 seemed to be 
the central protein encoding the “serine/Threonine 
Protein Kinase” (stK). Most of the proteins in this 
network seem to be localized mainly in nucleus (blue), 
cytoplasm (pink), chloroplast (green), and mitochon-
dria (light blue). These proteins encode mainly for the 
significant genes such as LoC_os04g30780 (eiF-3h), 
LoC_os09g36300 (osLon4), LoC_os05g01450 (eiF-
3f), LoC_os02g55370 (RPL39), and LoC_os03g08010 
(eF-tU) (Figure 1). Genes involved in the network 
analysis such as serine/Threonine Protein Kinase (stK) 
pathways and translation protein genes (eiFs, ribosomal 
protein, eF-tu) have been found to play important roles 
in response to Xanthomonas oryzae (Grewal et al., 2012). 
serine/Threonine Protein Kinase (stK) is involved in 
the disease resistance signaling process (Ülker & soms-
sich 2004). accroding to other studies, the transcrip-
tional activity of MPKs has been observed in response 
to several biotic stresses (agrawal et al., 2002Complexity 
of the genetic networks involved in defense response has 
also been reported in MPKs. based on previous results, 
several stress-responsive genes (MPKs) are regulated by 
biotic and abiotic stresses (Ghanashyam & Jain, 2009; 
Jain & Khurana, 2009). 

Proteins expressed in the nucleus include LoC_
os01g03070 (eiF-3a (transposon), LoC_os05g01450 
(eiF3-F), and LoC_os03g59310 (ribosomal protein). 
analysis of genes network showed up-regulation of ri-
bosomal proteins, eIFs genes, and MaPK genes. Kolu-
paeva and colleagues suggested that eiF3 plays an im-
portant role in separating the subunits in the terminal 
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codon (Kolupaeva et al., 2005). Further, eiF3 gene has 
been shown to improve stress tolerance and thus can be 
utilized through transgenic approaches. similar studies 
confirming our results suggest that large and small sub-
units of ribosomal protein provide a better understand-
ing of stress response in rice (Hummel et al., 2012; saidi 
& Hajibarat, 2019).

Cytosolic localized proteins are estimated to inter-
act with nuclear and mitochondrial localized proteins, 
providing possible import/ export regulation proteins 
such as transcription factors (Ho et al., 2012). in addi-
tion, several proteins are also expressed in the vacuole 
including LoC_os03g05980 (protein 40s ribosomal 
protein s9-2) and LoC_os01g03070 (protein transla-
tion initiation factor sUi1, putative, expressed).

analysis of network showed that only a few pro-
teins are located in each of the chloroplast, nucleus, cy-
toplasm and vacuole. LoC_os07g01870 (RPL13) and 
LoC_os07g02340 (RPL22-2) are mainly translational 
proteins localized in the chloroplast (Figure 1). For re-
sistance to the bacterial stress, large and small subunits 
of ribosomal genes (RPs and RPL), associated with pro-

teins translation, are regulated. other genes associated 
with translation of proteins include up-regulation of 
initiation and elongation factors. in addition, peptidase, 
ubiquitin, and osLonP4 protease genes are expressed in 
response to bacterial stress. Further, serine / threonine 
kinase genes are also expressed in response to bacterial 
stress. 

3.2 DiFFeReNtiaLLY-eXPResseD GeNes iN 
ResPoNse to DeVeLoPMeNtaL staGes 

Microarray data indicated an up regulation of sig-
nificant genes during different developmental stages; 
this may be due to the presence of different cis elements 
(Figure 4). as a result, these genes can play key roles in 
different growth and developmental stages under abiotic 
and biotic stresses. RPs and RPL genes were also up-reg-
ulated during different developmental stages indicating 
that both can play important roles in multiple biological 
processes, protein synthesis, cell growth, development, 
and apoptosis  (Warner & Mcintosh, 2009).  Ribosomal 

No affymetrix probe iD MsU7 RaP-iD Function

1 os.10120.1.s1_at LoC_os06g36160 os06g0555400 40s ribosomal protein s19-like

2 os.10132.1.s1_at LoC_os09g36300 os09g0533400 osLon4 (Putative Lon protease homologue)

3 os.10955.1.s1_at LoC_os02g54700 os02g0788400 eiF-3g

4 os.11049.1.s1_at LoC_os03g59310 os03g0807800 Ribosomal protein

5 os.11168.1.s1_x_at LoC_os02g55370 os02g0796900 60s ribosomal protein L39 (RPL39)

6 os.11420.1.s1_at LoC_os05g01450 os05g0104800 eiF-3f

7 os.12189.2.s1_x_at LoC_os11g38959 os11g0602600 40s ribosomal protein s9

8 os.12413.1.s1_at LoC_os03g22340 os03g0343500 60s ribosomal protein L22-2 (RPL22-2)

9 os.12625.1.s1_a_at LoC_os03g08010 os03g0177400 elongation factor tu (eF-tu)

10 os.12772.1.s1_at LoC_os03g13170 os03g0234200 Ubiquitin fusion protein

11 os.139.1.s1_at LoC_os06g48750 os06g0701100 eiF-4a (DeaD-box atP-dependent RNa helicase)

12 os.14437.1.s1_at LoC_os01g66520 os01g0888700 serine/threonine-protein kinase (stK)

13 os.14589.1.s1_at LoC_os03g56241 os03g0773150 40s ribosomal protein s29

14 os.28076.1.s2_at LoC_os01g03070 os01g0120800 eiF-3a (transposon)

15 os.38164.1.s1_at LoC_os12g38180 os12g0569700 osHsp23.7

16 os.40424.1.s1_at LoC_os01g54340 os01g0747300 Plant-specific domain tiGR01615 family protein

17 os.41468.1.s1_at LoC_os01g47050 os01g0659900 osFbox033

18 os.4714.1.s1_at LoC_os07g01870 os07g0109500 Ribosomal protein L13 family protein (RPL13)

19 os.47337.1.s1_at LoC_os02g10820 os02g0202600 sel1 repeat domain containing protein

20 os.5326.1.s1_a_at LoC_os05g02880 os05g0120100 splicing factor

21 os.7573.1.s1_at LoC_os06g49140 os06g0704900 Ribosomal RNa large subunit methyltransferase J

22 os.8580.1.s1_at LoC_os04g30780 os04g0376500 eiF-3h (eukaryotic translation initiation factor 3 subunit H)

23 osaffx.4176.1.s1_at LoC_os04g54640 os04g0639300 Peptidase

table 1: Characteristics of responsive genes to bacterial stress
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proteins (RPs) are vital in ribosome biogenesis and pro-
tein synthesis and play a key role in diverse developmen-
tal processes (saha et al., 2017). 

3.3 aNaLYsis oF RPL aND RPs iN ResPoNse to 
baCteRiaL stResses

RPs have long been known primarily for their 
housekeeping functions. RPL13, RPs7, and RPs9-2 re-
sponded to bacterial stresses and biotic stress. How-
ever, there are several reports showing RPs having sev-
eral functions under different stress conditions (Warner 
&Mcintosh, 2009).  out of the 80 RPs encoded by 3200 
genes in  Arabidopsis, 32 are small subunits and 48 are 
large subunits (Wang et al., 2013). in rice, there are 34 
large protein subunits with multiple gene copies encod-
ing ribosomal proteins (Mcintosh & bonham-smith, 
2006: Moin et al.2016).

although many of the RPs and RPL genes are ex-
pressed in response to bacterial stress, however, they 
cannot be considered as house-keeping as their level of 
expression changes in response to environmental sig-
nals (Moin et al., 2016).   based on microarray data, we 
have suggested that RPL and RPs genes might be useful 
as candidate genes for manipulating stress tolerant rice 
varieties. 

Very few studies have been conducted on RPL and 
RPs genes of rice (Moin et al., 2016; Wang et al.2003). 
We performed an extensive analysis on the expression of 
all ribosomal genes (RPs) induced in rice. Differential 
expression of RPs and RPL genes under bacterial stress 
condition significantly increased expression. RPL and 
RPs genes can be induced under different stresses such 
as heat, cold, low irrigation, and pathogens (Wang et al., 

2003). each stress activates a series of cascade signaling 
pathways for plant survival and plant growth. Up-regula-
tion of ribosomal genes and the presence of several regu-
latory elements in the upstream regions of the genes pro-
moter (table 1) confirm other findings that these genes 
may play an important role in reducing the biotic and 
abiotic stresses in rice (Fujimoto et al., 2000). 

it has been reported that over-expression of RPL13 
enhances resistance against a fungal pathogen (Verticil-
lium dahliae Kleb.) in transgenic potato as well as up-
regulation of genes coding for defense and antioxidant 
enzymes (Yang et al., 2015; song et al., 2020). in addition, 
RPS7 and RPS9-2 genes were up-regulated in response to 
bacterial stress. our findings are in agreement with oth-
ers who have reported that these genes are also up-reg-
ulated in response to PeG and salt treatment (Kawasaki 
et al., 2001). based on our findings it can be suggested 
that eIFs, RPL, and RPS genes can be particularly promis-
ing in bringing about the tolerance to multiple stresses 
in rice. 

Recent studies in different plant species have shown 
that the lack of eIF4A (DeaD-box) gene leads to de-
creased root formation, delayed flowering, and abnormal 
ovule formation suggesting that eiF4a plays an essential 
role in growth and development of plants (Peng et al., 
2008; Maršálová et al., 2016). The Arabidopsis genome 
encodes eiF4a, required for the coordination between 
cell cycle progression and cell size (bush et al., 2015; saidi 
& Hajibarat, 2020).

3.4 FUNCtioNaL CLassiFiCatioN oF oVeR-
LaPPiNG GeNes 

based on gene ontology (Go) classification, genes 

figure 1: Predicted gene network for responsive genes to bacterial stress, drawn up by the baR database where the drawn lines 
represent the relationships among genes.
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responding to different treatments were categorized into 
different functional groups of biological processes, cel-
lular components and molecular functions (table 2). in 
the biological process category, translation, peptide bio-
synthetic processes and amide biosynthetic processes 
were the most dominant groups. in the cellular com-
ponents group, ribosome subunit was the largest group, 
followed by intracellular and non-membrane organelles. 
structural constituent of ribosome was the largest group 
in the molecular function, followed by structural mol-
ecule activity. Gene ontology showed that most genes 
are involved in translation and protein biosyntesis. Go 
analysis of all genes showed that the lowest gene counts 
responsible for translation included four genes and the 
highest gene count responsible for cellular protein meta-
bolic processes and gene expression included five genes 
(table 2). according to our Go enrichment analysis, sig-
nificant genes had translational function in protein bio-

synthesis pathway. The balance between protein synthe-
sis and degradation is necessary to maintain and improve 
homeostasis and plant survival (boycheva et al., 2015). 
all responsive genes were involved in both KeGG path-
ways including ribosome (pathway iD: 03010) and RNa 
transport (pathway iD: 03013) with ribosome having the 
highest gene count (table 2).

3.5 Cis ReGULatoRY eLeMeNts aNaLYsis

Cis regulatory elements prediction analysis resulted 
in the identification of multiple stress-responsive ele-
ments in the promoter regions of some genes such as 
eiF-3g, eiF-4a, RPL39, RPL13, and eiF-3h (Figure 3). in 
addition to abiotic stresses, cis elements also respond to 
phyto-hormones such as aba (abRe-abscisic acid re-
sponsive element and Motif iib), MeJa (tGaCG-motif 

figure 2: Heatmap representation of expression analysis of bacterial responsive genes at different developmental stages of O. sativa..

pathway iD pathway description count in gene set false discovery rate
Go:0006412 translation 4 0.000113

biological Process (Go) Go:0044267 cellular protein metabolic process 5 0.00139
Go:0010467 gene expression 5 0.0029

Molecular Function Go:0003735 structural constituent of ribosome 3 0.00361
Cellular Component Go:0005840 Ribosome 3 0.00195
KeGG Pathways 03010 Ribosome 8 1.88e-11

03013 RNa transport 5 3e-07

table 2: analysis of gene ontology and KeGG pathway in response to bacterial stress in rice
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and CGtCa-motif), sa (tCa-motif), Gibberellic acid 
(GaRe- Gibberellic acid responsive element), and aux-
in (tGa-motif and auxR-auxin responsiveness). only 
few motifs such as abRe (abscisic acid), CGtCa and 
tGaCG (methyl-jasmonate), GCC-box (ethylene), and 
tCa element (salicylic acid) were present in both A. thali-
ana and O. sativa PRs (Kaur et al., 2017). 

our results suggest that hormones involved in bac-
terial stress may play a major role in regulating stress 
responses. Various elicitor-responsive elements such as 
GCC box and W box have been observed in some genes. 
W-box motifs are the binding sites for stress-responsive 
WRKY transcriptional factors (eulgem & somssich, 2007) 
and a box-W1 motif, a fungal elicitor element that binds 
with WRKY33 transcriptional factor in response to phy-
to-pathogens (Lippok et al.2007; saidi & Hajibarat, 2018)

a detailed analysis of both abiotic and biotic re-
sponsive elements and their repeats in the promoter re-
gions is presented in Figure 3. Cis-regulatory elements in 
the promoter sequences provide a good understanding 
of plant responses under biotic stress conditions. Genes 
promoter analysis revealed that tata-box and Caat-
box were present in majority of promoter regions of the 
genes. Gata-box, G-box, box-4, GaG, Ga-motif and 
i-box are known as light responsive cis-elements (LRes) 
and have been found in the regulatory region of light-
regulated genes, apparently essential for light-controlled 
transcriptional activity (Gilmartin et al., 1990). tGaCG 
motif is methyl jasmonate responsive element pres-
ent among Arabidopsis and O. sativa PR gene sequences 
(Kaur et al.2017). The transcription of tGaCG mediated 
PR sequences is regulated by binding of bZiP tGa fac-
tor to tGaCG element (Wang et al., 2013). according to 
the studies performed on the regions of gene promoter, 

regulatory elements of the genes responsive to auxin and 
jasmonate (jasmonic acid) hormones are up-regulated in 
response to the infection of the pathogen, perhaps due to 
the presence of WRKYs in the promoter regions (Dowd et 
al., 2004; o’brien et al., 2013).

4 ConClusIon 

in the present study, a comprehensive analysis of re-
sponsive genes, in terms of co-expressed network, cis-el-
ements, gene ontology, and expression study in promoter 
regions in rice was performed. analysis of promoter re-
gions revealed the presence of different types and frequen-
cies of cis elements among genes. in our analysis, several 
cis elements including tata, Caat-box, sp1, and G-box 
were identified in the promoter regions of the responsive 
genes. among the responsive genes, RPL and RPs were 
the most up-regulated genes during developmental stages. 
in this study, the identified responsive genes to bacterial 
stress can be utilized as candidate genes for crop breeding. 
Plants activate these genes to balance between the synthe-
sis and degradation of proteins under stress conditions. 
This work suggests that the cis elements in the promoter 
regions of the genes can provide new ways for improving 
plant resistance against pathogens. also, analysis of re-
sponsive gene expression revealed that these genes can be 
considered for rice breeding for resistance to abiotic and 
biotic stresses. 
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sweet corn crop response to different dripline spacings in the 
dry Mediterranean area

Abstract: increasing the spacing between driplines is 
the most significant factor in reducing the high initial costs of 
drip irrigation system. a two-year field study (2017 and 2018) 
was conducted on a clay loam soil to evaluate the effects of dif-
ferent dripline spacings (75, 150, 225, and 300 cm) on sweet 
corn yields, soil water status, and irrigation water use efficiency 
(iWUe) in the dry Mediterranean area. Results showed that the 
average husked cob yield (HCY) and iWUe were significantly 
decreased as the dripline spacing increased. HCY was 13.93, 
12.30, 9.18, and 6.86 t ha-1, for dripline spacing of 75, 150, 225, 
and 300 cm, respectively, for an average irrigation water depth 
of 725 mm. both soil water storages and yields decreased with 
distance from the dripline. The 150-, 225- and 300 cm dripline 
spacings yielded 11.7, 34.0 and 50.8 % less than the 75 cm dri-
pline spacing, but these wider dripline spacings provided 50, 
67 and 75 % less unit-area cost, respectively. However, these re-
ductions in crop yield did not justify the extra cost of the closer 
dripline spacing, at low crop prices and high dripline costs. 
Finally, further studies are needed to benefit from the higher 
initial unit-area cost savings obtained under the wider dripline 
spacings.

Key words: drip irrigation; clay loam soil; soil water stor-
age; husked cob yield; row-to-row variations

odziv sladke koruze na različne namestitve namakalnih na-
prav v suhem sredozemskem območju

Izvleček: Povečevanje razdalje med namakalnimi cevmi 
je najpomembnejši dejavnik pri zmanjševanju začetnih stroškov 
pri namestitvi namakalnega sistema. Za ovrednotenje učinkov 
različne namestitve namakalnih cevi (75, 150, 225, in 300 cm) 
na pridelek sladke koruze, stanja vode v tleh in na učinkovitost 
zalivanja (iWUe) je bil izveden dvoletni poljski poskus (2017 in 
2018) v sušnem sredozemskem območju. Rezultati so pokazali, 
da sta se poprečni pridelek oličkanih storžev (iCY) in učinkovi-
tost zalivanja (iWUe) značilno zmanjšala s povečevanjem raz-
dalje med zalivalnimi cevmi. HCY je bil 13,93, 12,30, 9,18, in 
6,86 t ha-1, pri razmaku zalivalnih cevi 75, 150, 225, in 300 cm, 
pri poprečni globini zalivanja 725 mm. Z oddaljenostjo od na-
makalnih cevi sta se zmanjševala pridelek in vsebnost vode v 
tleh. Namestitev namakalnih cevi na 150, 225 in 300 cm je dala 
za 11,7, 34,0 in 50,8 % manj pridelka v primerjavi z namestitvijo 
na 75 cm, a je imela ta namestitev namakalnih cevi za 50, 67 in 
75 % manj stroškov na enoto površine. Kljub temu zmanjšanje 
pridelka ni upravičilo dodatnih stroškov za gostejšo namestitev 
namakalnih cevi zaradi nizkih cen pridelka in visokih stroškov 
namakalnih cevi. Zaključimo lahko, da so potrebne dodatne 
raziskave prihrankov visokih začetnih stroškov na enoto povr-
šine pri večjih razmakih namakalnih cevi.

Ključne besede: kapljični namakalni sistem; ilovnato-pe-
ščena tla; zadrževanje vode v tleh; pridelek oličkanih storžev; 
razlike med razdaljami med namakalnimi cevmi
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1 IntroduCtIon

sweet corn (Zea mays L. convar. saccharata Koern. 
var. rugosa) is one of the most popular vegetables grown 
for human consumption as either a fresh or processed 
product. Fresh consumption of sweet corn by boiling or 
grilling is rapidly increasing worldwide. Husked cobs of 
large sizes are more attractive in market. Moreover, stalks 
and leaves are used for animal feed. efficient water use, 
where water resources are scarce as in the dry Mediterra-
nean area, is an urgent need to address the sustainability 
of crop production for increasing food demands.

Drip irrigation system has been proved to improve 
water use efficiency and offer yield enhancement com-
pared with sprinkle and surface irrigation (Clemmens, 
2002; tiercelin, 2007). However, one of the greatest bar-
riers to the widespread adoption of drip irrigation is its 
high initial investment cost compared with the other irri-
gation systems. The cost of driplines (laterals) represents 
a large part of the initial cost. bozkurt et al. (2006) re-
ported that the cost of pipes (all tubing and laterals) was 
about 45 % of the total cost of a drip irrigation system. 
Therefore, adoptation of economically-sound and scien-
tifically-proven techniques is a practical tool for reducing 

the high initial cost, which compiles with best manage-
ment practices.

in this context, increasing the spacing between drip-
lines would be one of the most significant factors. For ex-
ample, using a dripline for two crop rows rather than for 
one would half the number of driplines as per crop rows, 
and therefore, would reduce the initial cost of irrigation 
system (Henggeler, 1995; Camp et al., 1997; Camp, 1998; 
Lamm and trooien, 2003; bozkurt et al., 2006; Zhou et 
al., 2017; al-hurmuzi and topak, 2018; Mubarak, 2020a 
and b). in regions such as the humid Mediterranean 
region and the wetter region of Virginia and Kansas in 
Usa, that normally receive substantial volume of rain-
fall at planting time, changing dripline spacings have not 
greatly influenced germination or final yield; and thus 
yield was not sufficiently reduced to warrant the extra 
cost of a closer dripline spacing (Camp et al., 1989; spur-
geon and Manges, 1990; Powell and Wright, 1993; Camp 
et al., 1997; Lamm et al., 1997; al-hurmuzi and topak, 
2018). on the other hand, in regions where rainfall is 
unreliable throughout the year, and/or near-surface soil 
water that is required for seed germination often evap-
orates due to the high climatic demand, wider dripline 
spacings require excessive pre-planting irrigation or us-
ing another irrigation system as sprinkle system in order 

Variable Year apr. May Jun. Jul.

Tmin (
0C)

2017 9.7 14.4 17.2 20.6
2018 10.0 15.6 18.2 19.8
20-year average 10.1 14.1 17.6 19.3

Tmax (
0C)

2017 26.2 31.6 35.7 40.6
2018 27.2 31.5 34.6 36.9
20-year average 25.3 30.4 35.0 37.4

Taverage (
0C)

2017 19.2 24.9 28.4 31.1
2018 19.9 25.7 27.7 28.8
20-year average 18.1 23.6 27.7 29.4

RH (%)

2017 63.1 57.9 56.3 56.0
2018 54.8 51.5 59.6 55.6
20-year average 60.9 56.5 56.3 60.7

ET0 (mm day-1)

2017 5.7 7.6 9.0 10.3
2018 6.8 7.8 8.8 10.3
20-year average 5.6 7.5 9.4 10.4

Rainfall (mm)

2017 0.0 0.0 0.0 0.0
2018 14 0.0 0.0 0.0
20-year average 5.9 4.2 0.0 0.0

table 1: some climatic data for the experimental station during both growing seasons (2017 and 2018), and the average of last 20 
years

Tmin: minimum temperature, Tmax: maximum temperature, Taverage: average temperature, RH: relative air humidity, ET0: reference evapotranspiration.
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to suitably germinate the seeds (Henggeler, 1995; Howell 
et al., 1997; bordovsky and Porter, 2003). Failing to do 
so would potentially result in poor seed germination and 
crop establishment (Charlesworth et al., 1998; Charles-
worth and Muirhead, 2003). The problem could be worse 
for coarser soils where water movement is dominated 
by gravity rather than capillary forces (Thorburn et al., 
2003), or for soils that have a relatively high clay content 
where shrinking-swelling cycles result in large cracks 
(Howell et al., 1997). Moreover, even in locations where 
rainfall is reasonably reliable, row-to-row yield variation 
may increase with increasing dripline spacings. Yields 
from plant rows away from driplines were found to be 
significantly lower than those from rows adjacent to the 
driplines (Kruse and israeli, 1987; Lamm et al., 1997; 
bosch et al., 1998; bozkurt et al., 2006; Mubarak, 2020a). 
Nevertheless, to the best of our knowledge, very few find-
ings are presently available on the use of one dripline for 
three or four rows of sweet corn grown in the dry Medi-
terranean area. Under such arrangement, the number 
per unit area of driplines and, therefore, their initial cost 

decreased to a third or to a quarter, as compared with the 
conventional pattern of one dripline for each plant row.

The specific objective was to evaluate the effects of 
dripline spacings on sweet corn yields, soil water status, 
and irrigation water use efficiency. Results may intro-
duce practical alternatives of drip-irrigated sweet corn 
production system to meet sustainable production and 
water shortage in the dry Mediterranean area.

2 MAterIAls And MetHods

2.1 stUDY aRea

Field experiments were conducted at the Deir al-
Hajar agricultural experiment station, south of Damas-
cus, syria (33°20ʹ N, 36°26ʹ e, altitude 600 m), for two 
consecutive growing seasons 2017 and 2018. The area is 
characterized by a dry Mediterranean type climate, with 
an average annual precipitation of about 120 mm (octo-
ber-May). some climate data during the course of experi-

figure 1: outline of one replicate according to dripline spacings. t1, t2, t3, and t4 represent s75, s150, s225, and s300, respec-
tively, and maps of the geographical position in syria of the experimental station.
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ments were collected from a weather station located close 
to the study site. The climate data for both years as well as 
the 20-year average are reported in table 1.

The soil is classified as a clay loam with 27.8 % sand, 
42.7 % silt, and 29.5 % clay, with a bulk density of about 
1.35 g cm-3. before planting, the topsoil (0-30 cm) was 
characterized by about 1 % of organic matter, pH of 8.0, 
eC of 0.6 ds m-1, available P of 22.0 ppm, No3

- 21.1 ppm, 
NH4

+ 14.7 ppm.

2.2 eXPeRiMeNtaL DesiGN

The experiment was arranged in a randomized 
complete block design (RCb design) with four dripline 
spacings and three replicates. The four dripline spacings 
composed of: t1 (s75) in which one dripline was used 
for each crop row (1:1), t2 (s150) in which one drip-
line served two crop rows (1:2), t3 (s225) in which one 
dripline served three crop rows (1:3), and t4 (s300) in 
which one dripline served four crop rows (1:4). single-
row production system was used, i.e., conventional plant 
row widths, in which corn was sown with a regular row 
spacing of 75 cm and spaced 20 cm apart within row, 
giving a plant density of about 67,000 plants ha-1. each 
experimental unit in s75 contained five 75 cm crop rows 
and five 75 cm driplines. in s150, each experimental unit 
contained six 75 cm crop rows and three 150 cm drip-
lines. in s225, each experimental unit contained nine 
75 cm crop rows and three 225 cm driplines. in s300, 
each experimental unit contained twelve 75 cm crop 
rows and three 300 cm driplines (Fig. 1). The length of 
each experimental unit was 5 m. The number of crop 
rows per unit area (per hectare) and, therefore, the plant 
density (about 67,000 plants ha-1) were maintained equal 
for all treatments. 

The field was conventionally prepared, i.e., ploughed 
and disked before planting. a sufficient spacing was 
maintained between plots to minimize water intervention 
among treatments. sweet corn (Zea mays ‘silver Queen 
White’) was sown on april the 18th and the 3rd in the 2017 
and 2018 growing seasons, respectively. as the area was 
not too large, the hand sowing was used. The plant densi-
ties after establishment and at harvest were similar with-
in the treatments. Weeds were manually removed many 
times during both cropping seasons. because of the lack 
of rainfall and the inability of drip irrigation to germinate 
corn seeds especially in plots with wider dripline spac-
ings, a secondary lateral move irrigation system (avail-
able on site) was used at the beginning of each season. it 
was used two times during the first month with 100 mm 
water applied in each growing season. after that, the drip 
irrigation started on as scheduled and continued until 

termination. Driplines (GR type, 16 mm diameter) with 
a built-in 40-cm emitter spacing and a nominal flow rate 
of 4 l hr-1 (10 l hr-1 m-1) were used.

2.3 Data MaNaGeMeNt

The climate data were used to calculate the refer-
ence evapotranspiration (ET0) using the Fao Penman-
Monteith equation. sweet corn crop data, i.e., growth 
stages in days, crop coefficient value (Kc) at each growth 
stage, were obtained from Fao databases (Fao, 1998). 
The duration of the initial, development, mid-season and 
late season growth stages were 20, 30, 40, and 10 days, 
respectively. The crop coefficient (Kc) is basically the ra-
tio of the crop evapotranspiration (ETc) to the reference 
evapotranspiration (ET0), and it represents an integration 
of the effects of characteristics that distinguish the sweet 
corn crop from reference grass. Kc values were 0.3, 1.15, 
and 1.05 for initial, mid-season and late season growth 
stages, respectively. Deviation of the Kc in both mid-sea-
son and late season stages from the reference value ‘1’ is 
mainly due to differences in crop height and resistance 
between the grass reference surface and the sweet corn 
crop and weather conditions (Fao, 1998). Daily crop 
evapotranspiration (crop water requirement, ETc) was 
calculated by multiplying the daily ET0 by the crop coef-
ficient Kc within each growth stage.

Crop water requirement data were used for sched-
uling irrigation. Corn crop was irrigated once a week, 
because it is usually more convenient to adjust the irriga-
tion schedule weekly. The weekly sum of daily ETc values 
was used to adjust the schedule for the following week. 
The weekly adjustment ensures that soil water content in 
the rootzone was replenished. The same volumes of wa-
ter per unit area were applied to the other treatments. in 
other words, the irrigation water depth applied was equal 
for all treatments. However, treatments differed in terms 
of irrigation times, as calculated by eq. (1), due to the 
differences in dripline spacings. 

Volumetric soil water content was observed using 
neutron scattering technique (NP), on a weekly basis 
each growing season (about 72 hours after irrigation 
event). The probe was in-situ calibrated before sowing. 
Neutron probe access tubes were installed in the crop 
rows according to the distance from the dripline (Fig 1). 
in other words, one soil profile was tested in both s75 and 
s150, whereas two soil profiles were studied in both s225 
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and s300 according to the location of plant row relative 
to the dripline: (a) at the crop row close to the dripline, 
and (b) at the distant crop row from the dripline.

The total soil water storage (SWS) from the soil sur-
face to the root zone depth (Zm = 1.2 m) were calculated 
by the following equation:

                   (2)

where θ is volumetric soil water content (cm3 cm-3), 
and z is soil depth (m). For the purpose of comparison, 
changes over time in SWS which were directly measured 
under plants, were jointly plotted, i.e., presented together 
graphically for the purposes of comparison. in order to 
check soil water stress under crop rows, the parameters 
describing the water stress response function as suggest-
ed by Feddes et al. (1978), are also used. This function 
defines the manner in which transpiration is reduced be-
low potential when the soil is no longer able to supply 
the required amount of water by plant under the prevail-
ing climatic conditions. This function assigns plant root 
water uptake rates according to the local soil water pres-
sure head (h), at any point in the root zone. Water uptake 
in this model is assumed to be zero close to saturation. 
Water uptake is considered optimal between two specific 
values of pressure head h2 and h3. While for soil water 
pressure heads between h3 and h4, water uptake decreas-
es. Root water uptake is also considered to be zero for soil 
water pressure heads less than the wilting point pressure 
head (more negative, h < h4). The values of soil water con-
tent (θ) corresponding to h2, h3, and h4 were calculated as 
44.5, 23.2, and 13.6 cm3 cm-3, respectively, for sweet corn 
crop and for the clay loam soil, according to Feddes et al. 
(1978). soil water storages corresponding to these root 
water uptake parameters were also presented graphically. 

For each cropping season, the field was fertilized 
in early winter with 46.0 kg of P2o5 ha-1 as triple super 
phosphate (tsP). However, N-fertilizer as urea 46 % so-
lution (150 kg N ha-1) was applied in two equally split 
applications. The 1st was applied at sowing day, while the 
2nd was one month later. Thus, all plots received the same 
amounts of both N and P fertilizers.

Regarding fresh marketable yield, harvest was done 
when corn silk began to turn brown, which occurred 
approximately at the milky stage with seed water con-
tent of about 70-75 % (100 days after planting for both 
growing seasons). a 2 m row length (10 plants) from the 
centre of each plot (individual replicate) was selected. 
For plots with wider dripline spacings (s225 and s300) 
two adjacent plant rows which represented the nearest 
and the furthest crop rows from dripline, were selected 
to estimate an integrated measured parameters for these 

treatments, and to assess the yield distribution accord-
ing to the row distance from dripline. The heights of se-
lected plants were measured from the soil surface up to 
the beginning of tassels. Fresh green cobs from selected 
plants were hand harvested. Mass (CM), length (CL), 
and diameter (CD) of husked cobs were measured. all 
cobs with good grain filling and longer than 10 cm were 
considered marketable cobs according to the common 
corn-farming practices in the area. Following the harvest 
of husked cobs, aboveground vegetative parts of selected 
plants were also harvested and oven dried at 70 °C until 
constant mass for dry matter yield determination. Mass 
of cobs and vegetative parts were converted into unit area 
yields and expressed as t ha-1.

irrigation water use efficiency (IWUE) was deter-
mined by dividing yield by the irrigation water amount 
applied (i, m3), and expressed as kg per m3 of water. it was 
calculated for husked cob yield (IWUEhc) and dry matter 
yield (IWUEdm) using equations (3 and 4), respectively. 

                  (3)

                  (4)

2.4 statistiCaL Data aNaLYsis

The measured parameters, i.e., plant height (H), 
mass (CM), length (CL), and diameter (CD) of husked 
cobs, husked cob yield (HCY), dry matter yield (DMY), 
and both irrigation water use efficiencies, were subjected 
to an one-way analysis of variance using the Dsaastat 
add-in version 2011 (onofri, 2007). a combined analysis 
of data over both tested years was conducted according 
to Gomez and Gomez (1984), to recognize dripline spac-
ing whose average effect over years is high and stable. 
Mean comparison was performed after combined analy-
sis using the least significant difference test (LSD) at the 
5 % level of significance.

2.5 UNCeRtaiNties aND sHoRtCoMiNGs

The sugar, protein, oil and starch contents in seeds 
were not measured, due to the unavailability of the re-
quired analysis devices at the time. 

as mentioned above, this study used crop coef-
ficient values (Kc) of sweet corn as obtained from Fao 
databases (Fao, 1998), because the values for the tested 
cultivar were not available. 
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Moreover, this study included treatments in which 
water was applied at full levels for the various dripline 
spacings. in other words, the irrigation amount was 
applied on a land-area basis (eq. 1). The influence of 
ground cover was not taken into account for drip irriga-
tion scheduling. in other words, a reduction factor was 
not applied to the ETc calculations. The reason was to 
avoid the effects of variations in plant growth between 
treatments, which would have led to variations in the 
amounts of irrigation water applied. 

Due to the absence of accurate data on product pric-
es in the local market due to the huge daily fluctuation of 
exchange rate, because of the predominant conditions in 
the country, a partial budget analysis to compare the rel-
ative economic rankings of the tested dripline spacings 
was not conducted. However, a limited data was provided 
based on the prices of today (May 2020) to economically 
compare the studied treatments.

3 results

3.1 iMPaCt oF DRiPLiNe sPaCiNG oN iNte-
GRateD MeasUReD tRaits

The analysis of variance (aNoVa) indicated no sig-

nificant interaction year × treatment (p > 0.05). There-
fore, the effects of dripline spacing on the measured pa-
rameters were shown as the averages of both tested years, 
and summarized in table 2. Moreover, aNoVa revealed 
that the measured parameters were significantly influ-
enced by the dripline spacing at the 5 % level (table 2).

Dripline spacing had a strong impact on the plant 
height, H, (p < 0.05). With no significant differences be-
tween s75 and s150, both treatments produced the tallest 
plants up to the beginning of tassels. Then, H decreased 
as dripline spacing increased. The smallest mean value 
of H was recorded under the 300-cm spacing conditions 
(table 2). The maximum value of husked cob length 
(18.7 cm) was found under the conventional treatment, 
s75. Then, it significantly decreased as the dripline spac-
ing increased. The 300 cm dripline spacing produced 
cobs significantly shorter by about 20 % than those in 
s75. No significant differences were recorded between 
s75 and s150, nor between s225 and s300 (table 2). also, 
dripline spacing treatments differed significantly in term 
of diameter of husked cobs. The largest cob diameter 
was produced under both 75 and 150 cm spacings (4.8 
and 4.7 cm, respectively); while cobs produced under 
both 225 and 300 cm dripline spacings were significantly 
shorter by about 11 % (table 2). With regard to the mean 
mass of husked cob (CM), no significant differences were 

Dripline 
spacing

H 
(cm)

CL 
(cm)

CD 
(cm)

CM 
(g cob-1)

DMY 
(t ha-1)

HCY 
(t ha-1)

iWUedm 
(kg m-3)

iWUehc 
(kg m-3)

2017 season 161.7 18.7 4.8 211.6 7.96 13.91 1.06 1.85
s75 (1:1) 164.9 16.5 4.7 254.0 7.37 11.66 0.98 1.55
s150 (1:2) 146.8 16.2 4.3 183.7 7.46 8.75 0.99 1.16
s225 (1:3) 136.1 15.5 4.3 223.4 6.24 6.41 0.83 0.85
s300 (1:4)
2018 season
s75 (1:1) 147.9 18.7 4.8 224.2 7.78 13.94 1.11 1.99
s150 (1:2) 155.5 18.5 4.8 181.2 7.98 12.95 1.14 1.85
s225 (1:3) 133.5 15.3 4.1 181.3 8.68 9.62 1.24 1.37
s300 (1:4) 136.7 14.8 4.1 207.8 6.89 7.32 0.98 1.05
Combined data
s75 (1:1) 154.8 a 18.7 a 4.8 a 244.3 a 7.87 a 13.93 a 1.08 a 1.92 a
s150 (1:2) 160.2 a 17.5 a 4.7 a 217.9 a 7.68 a 12.30   b 1.06 a 1.70   b
s225 (1:3) 140.1   b 15.8   b 4.2   b 217.6 a 8.07 a   9.18     c 1.12 a 1.27     c
s300 (1:4) 136.4   b 15.1   b 4.2   b 182.5   b 6.57   b   6.86       d 0.91   b 0.95       d
LsD0.05 5.57 1.41 0.18 34.25 0.94 1.39 0.13 0.19

table 2: Mean comparisons of crop responses as function of dripline spacings

in each column for combined data, means followed by different letters are significantly different according to LsD test at 5 % level. 
H = plant height, CL = length of husked cob, CD = diameter of husked cob, CM = mass of husked cob, DMY = dry matter yield, HCY = husked cob 
yield, iWUedm = irrigation water use efficiency for dry matter, and iWUehc = irrigation water use efficiency for husked cobs.
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recorded between s75, s150, and s225 treatments (table 
2). Whereas the 300 cm dripline spacing produced cobs 
significantly lighter (182.5 g cob-1).

The integrated dry matter yield (DMY) varied sig-
nificantly among treatments, ranging from the lowest 
value of 6.57 t ha-1 in s300 treatment to the highest of 
8.07 t ha-1 in s225 treatment. No significant differences 
were detected between s75, s150, and s225 at the 5 % 
level (table 2). Furthermore, mean integrated yields var-
ied widely among treatments (table 2). The highest value 
(13.93 t ha-1) was found under the 75 cm spacing. after 
that, it significantly decreased as the dripline spacing in-
creased. The mean integrated yields in s150, s225, and 
s300 were reduced by 11.7, 34.0, and 50.7 %, respectively, 
compared with that of the 75 cm spacing (table 2). 

as mentioned earlier, all dripline spacing treatments 
received at each irrigation event the same amount of wa-
ter per unit area (the same irrigation water depth), and 
treatments differed in terms of irrigation times according 

to the dripline spacing. each dripline spacing treatment 
received about 653 mm in 2017, and 600 mm in 2018, 
of drip irrigation water amounts. The times of drip ir-
rigation events applied to s75, s150, s225, and s300 were 
49, 98, 147, and 196 hr in 2017, and 45, 90, 135, and 180 
hr in 2018, respectively. Consequently, the total amounts 
of irrigation water were for each treatment 753 mm in 
2017, and 700 mm in 2018, respectively. although the 
climate data for both studied years were close to the 20-
year mean, the difference in irrigation water amounts ap-
plied in the two years could be due to the timing of high 
evapotranspiration days and to the earliness in planting 
day in the 2018-cropping season.

For iWUedm, no significant differences were re-
corded between s75, s150, and s225. The maximum 
value was observed under s225 (1.12 kg m-3). The wider 
dripline spacing treatment (s300) significantly decreased 
iWUedm by about 17 % relative to the other treatments 
(table 2). irrigation water use efficiency for economic 

figure 2: Changes over time in soil water storages in 120 cm soil profile for 2017 (a) and 2018 (b) growing seasons. Dashed lines 
represent soil water storages at h2, h3, and h4 corresponding to the root water uptake parameters for sweet corn crop as suggested 
by Feddes et al. (1978). s75, s150, s225, and s300 represent dripline spacings treatments. “close” and “far” represent the row next to 
the dripline and the distant row from the dripline, respectively.
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yield (husked cob yield), iWUehc, significantly decreased 
as dripline spacing increased. The highest value was 
observed under s75 (1.92 kg m-3). iWUehc under s150, 
s225, s300 were, respectively, 11.7, 34.0, and 50.7 % less 
than that under s75, which followed the reduction per-
centage trend of HCY (table 2). 

3.2 iMPaCt oF DRiPLiNe sPaCiNG oN soiL 
WateR statUs

Variations over time in weekly measured soil water 
storages (sWs) are shown in Figure 2 for both growing 
seasons. soil water storages at the rows close to driplines 
varied from one treatment to another, but still remained 
between sWs (h2) and sWs (h3), where root water uptake 
is maximal according to Feddes et al. (1978). This indi-
cated that no water stress throughout the whole growing 
season was exposed on the corn plants (Figs. 2 a and b). 
This can be attributed to the fact that the crop rows clos-
est to driplines have more favorable soil water conditions. 
However, in both growing seasons, irrigation maintained 
the soil water storage at a fairly constant and high level 
under the conventional 75 cm dripline spacing relative to 
the other treatments. This indicated that the 75 cm spac-
ing was adequately providing crop water requirements.

When using wider dripline spacings, as for both 
s225 and s300 treatments, soil water storages remarkably 
decreased at the distant crop rows from driplines. Their 
values soon dropped below the lower limit of optimal 
range of root water uptake, sWs (h3), below which roots 
can no longer extract water at the maximum rate, and the 
transpiration was reduced below potential rate (Feddes 

et al., 1978). Thus, the distant rows for both treatments 
s225 and s300 were susceptible to water stress starting 
from the end of development stages (about 50 and 60 
days after sowing day for s300 and s225, respectively). 
The degree of water stress excessively increased during 
the reproductive stages towards the late stage. However, 
their values did not drop below the lowest limit sWs (h4), 
below which root water uptake was zero reaching the 
wilting point pressure head. 

3.3 iMPaCt oF DRiPLiNe sPaCiNG oN iNDi-
ViDUaL CRoP RoW YieLDs

The effects of dripline spacing on individual crop 
row yields are illustrated in Figure 3 for husked cob yield 
and in Figure 4 for dry matter yield. in order to show the 
yield distributions of the different treatments, a mirror 
image of yields versus a dripline was used. Large yield 
differences between rows took place as distance from the 
dripline to the crop row increased. both HCY and DMY 
increased as the crop rows were moved closer to the dri-
plines. in the 300-cm dripline spacing, the husked cob 
yield (HCY) for the interior rows (rows close to the drip-
line) was 94.5 % higher than for the exterior rows (rows 
far away from the dripline). Moreover, the dry matter 
yield (DMY) for the interior rows was 44.5 % higher than 
for the exterior rows. However, they were 60.6 % for HCY 
and only 18.7 % for DMY under the 225-cm spacing con-
ditions (Figs. 3 and 4).

on the other hand, for the same distance of crop 
row from dripline, expected results occurred under both 
wider dripline spacings (s225 and s300) conditions com-

figure 3: Husked cob yield distribution according to the distance from dripline for the combined data of both tested seasons. indi-
vidual crop row yields are mirrored about the dripline in each treatment for display purposes. s75, s150, s225, and s300 represent 
dripline spacing treatments. error bars represent the standard deviations.
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pared with s75 and s150 conditions. For the crop rows 
placed at 37.5 cm from dripline as in both s150 and s300 
treatments, the husked cob yields were somewhat similar 
(12.30 and 13.02 t ha-1 in s150 and s300, respectively). 
While for the crop rows placed at 0 cm from dripline as 
in both s75 and s225 treatments, the husked cob yield in 
s225 (the interior rows) (15.41 t ha-1) was 10 % higher 
than their analogues under s75 (13.93 t ha-1) (Fig. 3). in 
addition, the dry matter yields for the interior rows in 
both s225 and s300 were almost higher than those under 
both s75 and s150, respectively (Fig. 4). 

4 dIsCussIon

as different dripline spacings were tested, one dri-
pline served one or several plant rows, and therefore, 
rootzone soil water content was spatially variable and de-
pended on the distance from the dripline. Results indi-
cated insufficient supply of irrigation water to the points 
of rootzone very distant from dripline, and consequently, 
water distribution was inappropriate for the wider drip-
line spacings, even with the same amount of irrigation 
water applied. This result is in agreement with other pub-
lished findings by Lamm et al. (1997) who found that soil 
water storages were reduced an additional 20 to 40 % by 
the crop rows placed away from the driplines at 114 cm, 
relative to those at crop rows growing next to driplines 
at 38 cm. They demonstrated that water supply was im-
proper for the wider dripline spacings, even with full ir-
rigation. bozkurt et al. (2006) assessed also the effects of 
different dripline spacings (70, 140, and 210 cm) on yield 
and yield components of corn crop, and reported that 
insufficient irrigation water was supplied to crops away 

from the dripline, even under full irrigation. This water 
stress was gradually increased under deficit irrigation 
conditions especially in the wider spacing treatments. 

The row-to-row yield variation was enormous un-
der the 300-cm spacing conditions, and less sharply un-
der 225 cm spacing treatment. This row-to-row variation 
was attributed to the spatial variation in rootzone soil 
water status. in plots with the 225 and 300 cm dripline 
spacings, the crop rows in the immediate vicinity of the 
dripline received a higher water amount than those away 
from the dripline. as mentioned above, the furthest crop 
rows were more water stressed than rows adjacent to the 
dripline. Thus, yields of the interior crop rows (next to 
the driplines) in 225 and 300 cm spacings were found 
higher or equal to those of 75 and 150 cm spacings. This 
could be due to the extra water available for the inte-
rior rows in the wider dripline spacings, mitigating the 
severity of wetting-drying cycle between two irrigation 
events. Moreover, this more favourable soil water condi-
tion may stimulate plants to consume more nutrients. 
another possibility is that the furthest crop rows from 
dripline were short in height due to the soil water stress 
(data not shown). This could allow more sunlight into 
the crop canopy of the interior rows, resulting in higher 
yields (Dalley et al., 2004; bradley, 2006). This is in agree-
ment with several experimental results which found that 
non-uniformity of yield with the distance from the drip-
line negatively affects the total yield. Lamm et al. (1997) 
reported significant effect of row spacing across dripline 
on corn yield under subsurface drip irrigation system, 
and documented that the row-to-row variation could 
reach more than 67 and 41 % for 230 and 300 cm drip-
line spacings, respectively. These yield reductions could 
attain 95 % in both dripline spacings under deficit irriga-

figure 4: Dry matter yield distribution according to the distance from dripline for the combined data of both tested seasons. indi-
vidual crop row yields are mirrored about the dripline in each treatment for display purposes. s75, s150, s225, and s300 represent 
dripline spacing treatments. error bars represent the standard deviations.
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tion conditions. However, bozkurt et al. (2006) reported 
that yield from the wider dripline spacing (210 cm) with 
full irrigation for the closest and furthest crop rows from 
the dripline was only 8.2 and 9.6 % lower, respectively, 
than that of the optimum dripline spacing (140 cm). 
These reductions in yields reached 25.9 and 36.9 %, re-
spectively, when irrigation level reduced to 67 % of crop 
water needs.

Results indicated that rootzone soil water status 
enhanced as the plant rows were moved closer to the 
driplines. This was reflected in the integrated traits, i.e., 
plant height, ear characteristics, yields, and irrigation 
water use efficiency. They were found to be decreased as 
the dripline spacing increased. similar results for husked 
cob length, diameter, and mass were reported by previ-
ous studies (e.g. al-hurmuzi and topak, 2018; Mubarak, 
2020a and b). However, bozkurt et al. (2006) reported 
that the effects of different dripline spacings on cob 
length were statistically insignificant, but cob length was 
reasonably higher in full irrigation relative to the defi-
cit irrigation condition. similar yields to those obtained 
herein were also found by ertek and Kara (2013) when a 
dripline per crop row was used. They reported that the 
fresh cob yield of sweet corn reached 14.74 t ha-1. a fresh 
cob yield of sweet corn of 13.43 t ha-1 was also reported 
by oktem et al. (2003). basava (2012) studied the effects 
of one dripline for two sweet corn crop rows at 120 cm, 
and reported a fresh cob yield of 12.83 t ha-1 under full ir-
rigation level. Lamm et al. (1997) showed that mean corn 
yields were 13.6, 12.8, and 12.2 t ha-1 for 150, 230, and 
300 cm dripline spacings, respectively, for a total irriga-
tion volume of 462 mm, using subsurface drip irrigation. 
Corn yields reduced to 10.8 and 9.3 t ha-1 when irrigation 
level was decreased by 33 and 50 % for the wider dripline 
spacings of 230 and 300 cm, respectively. However, so-
rensen and Lamb (2008) found that corn yield showed 
no difference between 91 and 183 cm dripline spacings. 
Moreover, bozkurt et al. (2006) reported that the mean 
corn yields were 8.57, 9.79, and 8.92 t ha-1 for 70, 140, and 
210 cm dripline spacings, respectively for a full irrigation 
with a total amount of about 750 mm, using surface drip 
irrigation. Different from our findings, those authors 
documented that the wider dripline spacing (140 cm) 
was better than the closer dripline spacing (70 cm) under 
full irrigation. 

a partial budget analysis should have been conduct-
ed to compare the relative economic rankings of the test-
ed dripline spacings. a limited data could be provided 
based on the prices of today (May 2020). The local price 
of sweet corn is about 150 UsD per tonne. The cost of 
dripline plus the cost of its laying out on the field is about 
0.30 UsD per meter. as mentioned above, HCYs were 
13.93, 12.30, 9.18 and 6.86 t ha-1 in s75, s150, s225 and 

s300, respectively (table 2). The total incomes from the 
harvested husked cobs were about 2090, 1845, 1377 and 
1029 UsD per year, respectively. as well, the initial costs 
of driplines were about 4000, 2000, 1333 and 1000 UsD 
per hectare, respectively. Hence, the production of two 
growing seasons under s75 conditions (the 75 cm spac-
ing) would be needed in order to recover the initial costs 
of driplines, assuming the consistency of yield over years. 
However, the production of only one season would be 
needed to recover the initial costs in the wider spacings.

The s150, s225 and s300 produced, respectively, 
about 1.63, 4.75 and 7.07 t ha-1 less than s75. This means 
a loss of 245, 713 and 1061 UsD per hectare, respectively, 
as compared with s75. However, the wider dripline spac-
ing, the higher initial unit-area dripline cost savings, at-
taining 50, 66.7, and 75 % for the 150, 225, and 300 cm 
spacings, respectively, relative to that in the conventional 
75 cm dripline spacing. in other words, the initial unit-
area dripline cost savings are 2000, 2667 and 3000 UsD 
per hectare, respectively. Hence, the reduction in crop 
yield due to the wider dripline spacings did not justify 
the extra cost of the closer dripline spacing. This result 
agreed well with the findings of other studies (Lamm et 
al., 1997; bozkurt et al. 2006). 

Moreover, reducing the quantity of driplines in unit 
area according to the dripline spacings reveals decreases 
in terms of main pipeline diameter, related accessories 
and pumping requirements, from the point of view of ir-
rigation network design. Moreover, it reduces the harm-
ful environmental impacts resulting from broken plastic 
components. although the irrigation times was 2, 3, and 
4 times as much of s75 treatment, when using 150, 225, 
and 300 cm dripline spacings, respectively, the decreases 
in the pump unit capacity probably compensate the total 
electric energy needed over the growing season in com-
parison to the other treatments, also from a design per-
spective.

otherwise, results of a simulation study using Hy-
drus2D code performed on the herein tested treatments 
(data not shown) demonstrated that an important por-
tion of water amounts provided by irrigation were lost 
by deep percolation, when using the wider lateral spac-
ing. The highest deep-percolated volume was occurred 
under s300 conditions, with more than 10 % of the total 
amount of irrigation water were deep-percolated under 
the 150 cm soil depth. The deep percolation of irrigation 
water which carries much of the mobile nutrients can 
adversely affect the environment and the groundwater 
quality. This reveals that the 300 cm dripline spacing is 
not suitable for the environmental protection due to deep 
percolation losses under the study context.

The maximum two-year average husked cob yield 
was observed under 75 cm dripline spacing, and then it 
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significantly decreased as dripline spacing increased as 
above mentioned. some farmers may find the wider dri-
pline spacings not suitable for the drip-irrigated sweet 
corn production due to long irrigation set times, non-
uniformity of the corn field scene, and probable deep 
percolation losses. Nevertheless, although the yield re-
ductions under wider dripline spacings involved eco-
nomically considerable losses at the high overall levels, 
they did not justify the extra cost of the closer dripline 
spacing, at very low crop prices and very high dripline 
costs. 

5 ConClusIon

increasing the spacing between driplines has been 
recognized as the most significant factor in reducing the 
high initial costs of drip irrigation system. Nevertheless, 
almost none research findings are presently available on 
sweet corn response to the same tested planting arrange-
ment (i.e., using one dripline for three or four crop rows 
of sweet corn) grown in the dry Mediterranean area. The 
75 cm dripline spacing conditions produced the maxi-
mum two-year average husked cob yield (13.93 t ha-1), 
and the irrigation water use efficiency (1.92 kg m-3). al-
though the 150, 225 and 300 cm spacings yielded, respec-
tively, 11.7, 34.0 and 50.8 % less than the 75 cm dripline 
spacing, these wider dripline spacings provided 50, 67 
and 75 % less unit-area dripline cost, respectively. These 
reductions in crop yield did not justify the extra cost of 
the closer dripline spacing. The production of two sea-
sons would be needed to recover the initial dripline costs 
under closer dripline spacing. However, the production 
of only one season would be needed for the wider spac-
ings. Hence, using wider dripline spacings would be eco-
nomically justified at low crop prices and high dripline 
costs.

The sugar, protein, oil and starch contents in seeds 
were not measured, while economic yields and irrigation 
water use efficiency and some plant and cob characteris-
tics were presented. This study used crop coefficient val-
ues (Kc) of sweet corn as obtained from Fao databases. 
Moreover, this study included treatments in which water 
was applied at full levels, so that the irrigation amount 
was applied on a land-area basis. The influence of ground 
cover was not taken into account for drip irrigation 
scheduling in order to avoid the effects of variations in 
plant growth between treatments, which would have led 
to variations in the amounts of irrigation water applied. 
a limited data was provided based on the prices of today 
to economically compare the studied treatments, due to 
the absence of accurate data on product prices in the lo-

cal market because of the predominant conditions in the 
country.

The outcomes of this study were conveyed to the 
policymakers (the Ministry of agriculture and agrarian 
Reform) in order to adopt the practical alternatives based 
on the obtained results and to make the wider dripline 
spacings in sweet corn crop production system familiar 
for most farmers. it is requested to stimulate farmers to 
adopt the proposed alternatives in their fields to sustain 
corn productivity, to reduce the high initial costs of drip 
irrigation system. 

For the scientific community, our findings dem-
onstrated that wide dripline spacings resulted in less 
driplines in unit area, less related accessories and fewer 
requirements of pump unit capacity. This may contrib-
ute to introduce practical alternative to meet sustainable 
crop production, water shortage, and environmental pro-
tection in the dry Mediterranean region.

Finally, further studies are needed in order to ben-
efit from the higher initial unit-area dripline cost savings 
obtained under wider spacings. adopting suitable tech-
niques, such as using multiple-row production systems, 
may enhance soil water status and root water uptake, 
and therefore, final fresh yield. Moreover, further studies 
should include treatments in which water was applied at 
reduced levels (not only at full levels as in this study) for 
the various spacings, in order to determine if the irriga-
tion amount should be applied on a land-area basis (full) 
or in relation to number of driplines in plots (reduced). 
The fraction of the total surface area actually covered by 
the foliage of the plants (ground cover) should be also 
applied for irrigation scheduling under drip irrigation. 
Moreover, it is recommended to study the influences of 
tested planting arrangement on sugar, protein, oil and 
starch contents in seeds.
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efficacy and economics of integrated weed management in 
groundnut (Arachis hypogea l.)

Abstract: Weed management is an important and ex-
pensive step in groundnut production. Field experiments were 
conducted in the early and late wet seasons of 2017 to evaluate 
the effectiveness and profitability of weed management using 
hoe weeding, herbicides or their combination in groundnut 
production. butachlor and propaben at 2.0 kg a.i (active ingre-
dient) ha-1 each followed by (fb) supplementary hoe-weeding 
(shw) at 6 weeks after sowing (Was) significantly reduced weed 
cover and biomass with subsequent increase in groundnut pod 
yield similar to hoe-weeding treatments and better than ei-
ther herbicide applied alone. The highest groundnut pod yield 
(1485.7 kg ha-1) and revenue ($1639.2) in the early season was 
obtained with three hoe weeding passes. However, in the late 
season, the highest groundnut pod yield (1146.3 kg ha-1) was 
obtained with propaben plus hoe-weeding and the highest rev-
enue ($1264.8) obtained with butachlor plus hoe-weeding. al-
though three hoe-weedings gave the highest revenue in the ear-
ly season, the gross margin and cost-benefit ratio obtained with 
hoe weeding treatments was lower than those of herbicides fb 
shw. This study showed that integrated weed management with 
butachlor or propaben and fb shw will improve weed control, 
productivity and profitability of groundnut production. Mul-
tiple hoe weeding, however, did not guarantee the highest profit 
but rather increased the cost of production.

Key words: butachlor; economics; efficacy; herbicides; 
hoeing; integrated weed management; propaben

učinkovitost in ekonomičnost integriranega upravljanja s 
pleveli pri pridelavi arašidov (Arachis hypogea l.)

Izvleček: Upravljanje s pleveli je pomemben in drag ko-
rak pri pridelavi arašidov. V ta namen je bil izveden poljski 
poskus v zgodnji in pozni deževni dobi 2017 za ovrednotenje 
učinkovitosti in donosnosti upravljanja s pleveli v pridelavi ar-
šidov z okopavanjem, herbicidi in njuno kombinacijo. Uporabi 
butaklora in propabena pri 2,0 kg (aktivne snovi) ha-1 je v obeh 
primerih sledilo še dodatno okopavanje 6 tednov po setvi, kar 
je značilno zmanjšalo pokrovnost in maso plevelov s poveča-
njem pridelka strokov arašidov, ki je bil podoben tistemu, kjer je 
bilo samo okopavanje, a boljši kot pri uporabi samo katerega od 
herbicidov. Največji pridelek strokov arašidov (1485,7 kg ha-1) 
in donos ($1639,2) je bil v zgodnji sezoni dosežen s tremi oko-
pavanji. V pozni sezoni je bil največji pridelek strokov arašidov 
(1146,3 kg ha-1) dosežen z uporabo propabena z dodatnim oko-
pavanjem in največji donos ($1264,8) pri uporabi butaklora z 
dodatnim okopavanjem. Čeprav so dala trikratna ročna oko-
pavanja največji donos v zgodnji sezoni sta bila neto dobiček in 
razmerje stroškov in dohodkov pri okopavanju manjša kot pri 
uporabi herbicidov z dodatnim okopavanjem. Raziskava je po-
kazala, da bi pri integriranem uravnavanju plevelov z butaklo-
rom ali s propabenom dodatno okopavanje izboljšalo nadzor 
nad pleveli, povečalo pridelavo in donosnost pridelave arašidov. 
Večkratno zatiranje plevelov samo z okopavanjem ni zagotovilo 
večjega dobička ampak je povečalo stroške pridelave. 

Ključne besede: butaklor; ekonomičnost; učinkovitost; 
herbicidi; okopavanje; integrirano upravljanje s pleveli; propa-
ben
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1 IntroduCtIon

Groundnut (Arachis hypogea L.) is one of the most 
important grain legume and oilseed crops of tropical and 
semiarid tropical countries, where it provides a major 
source of edible oil and vegetable protein (sogut et al., 
2016). The kernels are rich in oil (48–50 %) and protein 
(25–28 %), and are source of several vitamins, miner-
als, antioxidants, biologically active polyphenols, flavo-
noids, and isoflavones (Janila et al., 2013). it provides 
income and livelihoods to the farmers, nutritious fod-
der (haulms) to livestock, and contributes to nutrition 
of farm families through consumption of energy- and 
protein-rich groundnut kernels (birthal et al., 2011). in 
addition, groundnut fixes atmospheric nitrogen for its 
own use and the benefit of intercropped cereals and sub-
sequent crops in rotation (bado at al., 2006). This makes 
it an important crop for soil fertility improvement espe-
cially for smallholder farmers who are often unable to af-
ford synthetic nitrogen fertilizers. 

Groundnut is grown on 27.7 million ha in the 
world with production of about 44 million tons. Nige-
ria, with about 3 million tons’ production is the largest 
producer of groundnut in africa, and the third largest 
producer in the world after China (16.7 million tons) 
and india (6.9 million tons) (Faostat, 2018). Despite 
the increased importance of groundnut, yield obtained 
from farmer’s field in Nigeria and other parts of africa 
are very low. in general, groundnut productivity in africa 
has the lowest average yield (902.6 kg ha-1) compared to 
america (3381.4 kg ha-1), asia (2186.8 kg ha-1), ocea-
nia (1947.3 kg ha-1), europe (3102.1 kg ha-1), and the 
global average yield (1590.1 kg ha-1) (Faostat, 2018). 
several biotic, abiotic and socio-economic constraints 
are responsible for the low yield of groundnut in africa. 
among biotic factors, weed interference is the most del-
eterious, causing yield reduction from the range of 13 to 
100 % depending on the season, cultivars, weed compo-
sition and duration of crop-weed competition (adigun et 
al., 2016; ojelade et al., 2018). Weeds exert severe com-
petition for nutrients, water and light, hinder pegging, 
compete for underground space, and make harvesting of 
groundnut cumbersome (Jat et al., 2011).

Hoe weeding is the predominant weed control meth-
od commonly used by farmers in Nigeria (imoloame, 
2014; Daramola et al., 2020). although hoe weeding is 
very important when trying to avoid the development 
of potential serious weed problems, its efficacy is often 
compromised by the continued wet condition character-
istic of the beginning of the rainy season. Hoe weeding 
under wet condition often causes weed to re-root and re-
establish, necessitating several rounds of weeding to keep 
the crop weed-free and avert yield losses. This is however, 

tedious, inefficient, time consuming and associated with 
high labour demands (Datta et al., 2017; adigun et al., 
2018). in addition, labour for manual weeding is scarce 
and often too expensive for the average farmer to afford 
(adigun et al., 2017). 

alternatively, the use of herbicides is fast and quite 
effective in suppressing weeds if used at the proper rate 
and time (Chauhan et al., 2012). Controlling weeds us-
ing herbicides reduces drudgery, protect crops from early 
weed competition and may minimize labour cost (adi-
gun et al., 2018). However, a single herbicide application 
may not control the entire weed spectrum with diverse 
physiology, morphology and time of emergence (Chau-
han et al., 2012; bhagirath et al., 2013). Herbicides effi-
cacy is further limited under conditions of high rainfall 
and prolonged weed germination period (Daramola et 
al., 2019). Moreover, indiscriminate use of herbicide can 
result in unintended adverse consequences such as tox-
icity to off-site or non-target flora and fauna, declining 
species diversity and herbicide resistance (Chauhan et al., 
2012; adigun et al., 2018). Hence, the need to combine 
two or more weed management components for broad 
spectrum weed control. 

Combination of reduced number of hoe-weeding 
passes and/or herbicide applications within the context 
of integrated weed management could help to improve 
weed control efficiency, reduce the high cost associated 
with multiple hoe-weeding or herbicide applications and 
increase groundnut yield. although few studies (adi-
gun et al. 2017; Daramola et all., 2020) have reported 
increased weed control efficiency and higher yields with 
integrated weed management, economic consideration, 
particularly profit is more important to farmers in driv-
ing the adoption of agricultural innovation (Pannell et 
al. 2006). it has also been reported that practice with 
the best yield may not necessarily translate to the best 
economic benefit to farmers (sepat et al. 2017). Hence, 
this study was conducted to evaluate the efficacy and 
economic performance of weed management methods 
using hoe weeding, herbicides or their combination in 
groundnut production. 

2 MateRiaLs aND MetHoDs

two field studies were carried out at the University 
of agriculture abeokuta at latitude 7o 15ʹ N and longitude 
3o 25 ʹe in south western Nigeria during the early (June 
– september) and late (august – November) seasons 
of 2017. During this period, total rainfall was 538 and 
431 mm, minimum temperature was 22.1 and 19.0 °C 
and maximum temperature was 25.0 and 29.0 °C, in the 
early and late seasons, respectively. The soil of the sites 
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was sandy loam with pH of 6.9 and 7.1, total nitrogen 
of 0.23 and 0.21 % and organic matter of 2.3 and 2.2 % 
in the early and late seasons, respectively. The study sites 
was cleared manually while ploughing and harrowing 
were done mechanically at two weeks’ interval. 

The study consisted of six weed management meth-
ods viz: butachlor at 2 kg a.i (active ingredient) ha-1; bu-
tachlor at 2 kg a.i ha-1 followed by (fb) supplementary hoe 
weeding (shw) at 6 weeks after sowing (Was); propaben 
at 2 kg a.i ha-1; propaben at 2 kg a.i ha-1 fb shw at 6 Was; 
hoe weeding twice at 3 and 6 Was; hoe weeding thrice 
at 3, 6 and 9 Was and the weedy check where no weed 
removal was done throughout the period of crop growth. 
butachlor and propaben were applied pre-emergence 
one day after the groundnut seeds were sown. Data on 
weed cover score and dry weed biomass (g m-2) were 
taken at 12 Was. Weed cover score was accessed by vi-
sual estimate based on a scale of 0-10: where 0 represents 
no weed growth and 10 represents complete weed cover 
(Kercher et al., 2003; tunku et al., 2007). Weed cover is 
usually referred to as the area of ground covered by weeds 
or the relative proportion of weed coverage within the 
plot when viewed from above (Nikoa et al., 2015). Weeds 
were sampled from a 50 cm2 quadrat randomly placed 
at three spots within the plots. The sampled weeds were 
oven-dried at 70 °C until constant mass was reached, and 
the resulting weight recorded in g m-2. 

Groundnut pods were harvested from each plot 
when the leaves had turned brown in both seasons. The 
cumulative pod mass in kg plot-1 were then expressed 
in kg ha-1. statistical analysis (aNoVa) was done with 
GeNstat package while Least significant Difference 
(LsD at p ≤ 0.05) was used to separate the treatment 
means. Prevailing market prices of all inputs and cost of 
labour in Nigeria in the early and late seasons of 2017 
were used to evaluate the cost of groundnut cultivation 
(table 1). The cost of propaben and butachlor each at 
2.0 kg a.i ha-1 was $23.8 and $28.4, respectively in the 
early and late seasons. application of each herbicide re-
quired 3 mandays ha-1 at the cost of $16.6 in both early 
and late season. in the early season, hoe weeding once, 
twice and thrice required 15, 30 and 45 mandays ha-1 at 
$83, $165 and $248, respectively, considering the wages 
of $5.5 per manday. However, in the late season it was 
at the cost of $62, $123 and $185, respectively, consider-
ing the wages of $4.1 per manday (table 1). Cost of seed, 
sowing, land preparation, planting and harvesting were 
the same across all the weed management treatments 
(table 1). Revenue from each weed management method 
was the product of groundnut pod yield (kg) and steady 
market price ($1.1 kg-1). The gross margin was used to 
determine the profitability of groundnut under the dif-
ferent weed management methods. The gross margin is 
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usually referred to as returns over variable cost and ser-
vices as a proxy measure of profitability (Maurice et al. 
2005).

3 results And dIsCussIon

3.1 WeeD sPeCies CoMPositioN

Nineteen (19) weed species were recorded during 
the period of crop growth in both seasons. The weed 
species comprised of 10 broadleaf weeds, 7 grasses and 
2 sedges (table 2). The prevalence of both annual and 
perennial broadleaved weeds and grasses in this study 
may be a result of increased soil disturbance from pre-
vious tillage (Menallad et al., 2001). The weed species 
were generally more abundant in the early than in the 
late season. Commelina benghalensis L., Gomphrena ce-
losioides Mart., Boerhavia diffusa L., Talinum triagulare 
(Jacq.) Willd., Chromolaena odorata (L.) R.M.King & 

H.Rob and Digitaria horizontalis Willd. which had high 
infestation in the early season were found with moderate 
infestation in the late season. This was possibly because 
the rainfall was generally more abundant and evenly dis-
tributed in the early season compared with the late sea-
son. it has been reported that rainfall affects weed spe-
cies distribution and their competitiveness within a crop 
community (shaidul et al., 2011).

3.2 eFFeCt oF WeeD MaNaGeMeNt MetH-
oDs oN WeeD CoVeR sCoRe aND bio-
Mass 

butachlor and propaben and hoe-weeding treat-
ments resulted in significant reduction in weed cover 
score and biomass compared with the weed check in 
early and late season (table 3). sole application of bu-
tachlor and propaben each at 2 kg a.i ha-1 reduced weed 
cover score similar to two hoe-weedings in both seasons. 

Weed species Plant family Level of infestationa

broad leaf weeds early Late
Tridax procumbens Linn. asteraceae *** ***
Euphorbia heterophylla Linn. euphorbiaceae *** ***
Commelina benghalensis burn. Commelinaceae *** **
Gomphrena celosioides Mart. amaranthaceae *** **
Spigelia anthelmia Linn. Loganiaceae *** ***
Boerhavia diffusa Linn. Nyctaginaceae *** **
Chromolaena odorata (L.) R. M. King and Robinson asteraceae *** **
Talinum triagulare (Jacq.) Willd. Portulacacae *** **
Laportea aestuans (Linn.) Chew. Urticaceae ** **
Ipomoea triloba Linn. Convolvulaceae ** **
Grasses
Digitaria horizontalis Willd. Poaceae *** **
Panicum maximum Jacq. Poaceae *** ***
Axonopus compressors (sw.) P. beauv. Poaceae *** ***
Eleusine indica Gaertn. Poaceae ** **
Rottboellia cochinchinensis (Lour.) Clayton Poaceae * *
Cynodon dactylon (Linn) Pers. Poaceae *** ***
Paspalum scrobiculatum Linn. Poaceae ** **
sedge
Cyperus rotundus Linn. Cyperaceae ** **
Cyperus esculentus Linn. Cyperaceae ** **

table 2: Weed species and their level of infestation in the early and late wet seasons of 2017

aLevel of weed infestation was based on weed ground cover: *** - Highly infested (60-90 %),     **- Moderately infested (30-59 %),  *-Low infestation 
(1-29 %).
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This may be as a result of the efficacy of the herbicides 
in inhibiting weed root elongation, protein synthesis and 
other processes of blocking of weed development (Dara-
mola et al., 2020). butachlor and propaben at 2 kg a.i ha-1 

each fb shw at 6 Was reduced weed cover score similar to 
three hoe-weeding and better than two hoe-weeding or 
sole application of either herbicide in both seasons. simi-
larly, butachlor and propaben each followed by supple-
mentary hoe-weeding resulted in significant reduction in 
weed biomass similar to two and three hoe-weeding and 
better than sole application of either herbicide in both 
early and late wet seasons (table 3). This showed that sole 
herbicide application could not provide complete weed 
control without supplementary hoe weeding. The herbi-
cides provided initial management of germinating weed 
seedlings but lost efficacy thereafter, thus allowing weed 
resurgence. The lowest weed biomass (100.9 and 70.7 g m2 
in the early and late seasons, respectively) was recorded 
in plots treated with butachlor fb shw at 6 Was. The ef-
ficacy of this treatment may be attributed to the suppres-
sion of weeds by the herbicide at the start of groundnut 
growth and the removal of weeds by the supplementary 
hoe-weeding later in the growing season, both of which 
helped to control weeds before setting seed and gave the 
crop a competitive advantage over weeds coming in the 
second flush. These results have corroborated the results 
from report of Daramola et al. (2020) that integration of 
herbicide application and hoe weeding is superior to sole 
herbicide or sole manual hoe weeding. 

3.3 eFFeCt oF WeeD MaNaGeMeNt MetH-
oDs oN GRoUNDNUt YieLD 

Regardless of the weed management method used, 
groundnut pod yield was higher in the early season than 

in the late season (table 3). This was possibly because the 
rainfall was more abundant and evenly distributed in the 
former than in the later part of the season. all the weed 
management methods resulted in significantly higher 
groundnut pod yield than the weedy check in both sea-
sons (table 3). This result is in agreement with that of 
ojelade et al. (2018) who reported increased yield of 
groundnut due to various weed control treatments owing 
to the increased availability of nutrient, light and space. 
although manual hoe-weeding or sole herbicide applica-
tion is presently the most common weed management 
method in groundnut production in Nigeria, the result 
of this study, showed that pre-emergence application of 
butachlor and propaben each followed by supplemen-
tary hoeing at 6 Was resulted in significant increase in 
groundnut pod yield similar to two and three hoe-weed-
ings and higher than sole herbicide application in both 
early and late cropping seasons (table 3). This was prob-
ably because sole application of propaben or butachlor 
provided weed management only at the time of weed 
germination and shortly after emergence, but not at later 
stages of crop growth, when broad-leaved weeds with rel-
atively late emergence pattern start to emerge. These re-
sults have corroborated the report of Mishra et al. (2017) 
that no single method, whether manual or chemical can 
provide the desired level of weed control efficiency under 
all situation.

in this study, the highest groundnut pod yield 
(1285.7 kg ha-1) in the early season was recorded with 
three hoe-weedings. However, in the late season, the 
highest groundnut pod yield (1146.3 kg ha-1) was record-
ed with pre-emergence application of propaben plus hoe 
weeding. optimum groundnut pod yield recorded with 
three hoe-weedings and pre-emergence herbicides plus 
hoe-weeding may be attributed to their efficiency in re-
ducing weed growth throughout the prolonged period of 

Weed cover scorea Weed biomass (g m-2) Groundnut pod yield (kg ha-1)
early season Late season early season Late season early season Late season

butachlor 6.6 7.2 153.0 178.2 722.9 524.2
butachlor + shwb at 6 Wasc 3.2 3.6 100.9 70.7 1192.3 1136.7
Propaben 6.1 7.1 146.9 162.2 561.8 405.8
Propaben + shwb at 6 Was 4.4 4.7 131.1 93.8 1217.3 1146.3
two hoe-weedings 6.4 6.7 110.4 97.1 1144.6 1089.4
Three hoe-weedings 2.7 3.0 119.4 71.3 1285.7 998.8
Weedy check 8.5 8.1 206.1 230.1 402.1 287.8
LsD (5 %) 0.93 0.845 22.6 20.4 336.2 332.8

table 3: effect of weed management methods on weed cover score, dry weed biomass and groundnut fresh pod yield

aWeed cover score was based on a scale of 0-10: where 0 represents no weed and 10 represents complete weed cover, bshw – supplementary hoe 
weeding; cWas – weeks after sowing.
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crop growth, which probably led to increased supply and 
use of growth resources (Khaliq et al., 2012). Unchecked 
weed growth throughout the period of crop growth re-
duced groundnut pod yield by 72.9 and 74.8 % in the early 
and late seasons, respectively (table 3). 

3.4 eFFeCt oF WeeD MaNaGeMeNt MetHoDs 
oN Cost oF PRoDUCtioN aND PRoFit-
abiLitY oF GRoUNDNUt 

The weed management methods incurred higher 
cost of production than the weedy check (table 4). This 
showed that the cost of weed management takes bulk of 
the total production cost as earlier reported by adigun 
and Lagoke (2003). Regardless of the weed management 
methods, the total cost of production was generally lower 
in the late compared to the early cropping season (table 
3). This may be due to the reduction in cost of weed man-
agement occasioned by the reduced weed growth in the 
former than in the latter. This result have corroborated 
that of adigun and Lagoke (2003) who reported that crop 
production is more cost effective in the early season than 
in the late season due to reduction in weed growth in the 
former than in later. butachlor and propaben each applied 
alone at 2 kg a.i ha-1 or followed by hoe-weeding incurred 
lower cost of production than two and three hoe-weed-
ings in both seasons (table 4). This may be attributed to 
the reduction in labor requirement for herbicide applica-
tion compared with the labor required for multiple hoe-
weedings. overfield et al. (2001) have earlier reported that 
herbicide application required 1.3 person-days ha-1 while 
manual hoe weeding required 39.2 person-days ha-1. The 
result of this study is also in agreement with the report of 
Gouse et al. (2006) that weed removal through herbicide 
application required only 2 hours of labor per hectare, 
whereas manual hoe-weeding required 250 hours. of all 
the weed management methods, three hoe-weeding in-
curred the highest cost of production ($540.0 and $457.0 
ha-1 in early and late seasons, respectively) followed by two 
hoe-weedings ($457.9 and $395.0 ha-1 in early and late sea-
sons, respectively. Higher cost of production incurred with 
hoe-weedings compared with herbicidal treatment may be 
attributed to the accumulated cost of manual hoe-weeding 
which is usually expensive. This result is in agreement with 
that of by adigun and Lagoke (2003), who reported that 
hoe weeding is expensive and causes a lot of drudgery.

There was higher total revenue and gross margin 
in the early season than in the late season (table 4). This 
was probably as a result of higher yield occasioned by 
better rainfall in the former than in the latter. butachlor 
and propaben at 2 kg a.i ha-1 each followed by hoe weed-
ing gave higher total revenue and gross margin than two Ta
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hoe-weeding or sole application of either herbicide in both 
early and late season. These treatments also gave higher 
total revenue, gross margin and cost-benefit ratio than 
three hoe weeding in the late season. Highest total revenue 
($1414.3) in the early season was recorded with three hoe 
weedings while the highest total revenue ($1264.8) in the 
late season was recorded with butachlor plus hoe weeding. 
although three hoe-weedings gave the highest revenue in 
the early season, the gross margin and cost-benefit ratio 
obtained was lower than those of propaben and butachlor 
each followed by supplementary hoe eeding. similarly, 
three hoe weeding gave lower gross margin and cost-bene-
fit ratio than two hoe-weeding and propaben or butachlor 
followed by supplementary hoe-weeding in the late sea-
son. This showed that the gain in revenue from three hoe-
weedings compared to herbicide plus hoe-weeding treat-
ments was nullified by accumulated labour cost for hoe 
weeding. application of butachlor and propaben plus hoe 
weeding gave higher gross margin and cost-benefit ratio 
than three hoe-weeding treatments in both seasons. The 
highest gross margin ($922.2 and $885.8 in the early and 
late seasons, respectively) was recorded with butachlor at 2 
kg a.i ha-1 plus hoe weeding. The highest cost-benefit ratio 
(2.2 and 2.3 in the early and late seasons, respectively) was 
recorded with propaben and butachlor each followed by 
hoe-weeding (table 4). This showed that pre-emergence 
herbicides plus hoe-weeding provided high yield at rela-
tively lower cost. This result have corroborated previous 
report of Khaliq et al. (2012) that weed control with herbi-
cides provided higher gross margin and cost-benefit than 
manual weeding. Lowest revenue, gross margin and cost-
benefit ratio (0.5 and 0.2 in the early and late seasons, re-
spectively) was recorded in the weedy plot (table 4).

4 ConClusIon

This study demonstrated the effectiveness of inte-
grated weed management for efficient weed management, 
higher pod yield, revenue, gross margin and cost-benefit 
ratio than sole herbicide application or manual hoe weed-
ing in groundnut production in both early and late sea-
sons. Farmers can therefore reduce labour cost for manual 
hoe weeding with pre-emergence application of butachlor 
or propaben. This can be supplemented by one hoe weed-
ing at 6 weeks after sowing for season-long weed man-
agement, optimum groundnut pod yield and ultimately 
higher profit in groundnut production.
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Impact of dust accumulation on yield and yield components 
of soybean

Abstract: This study aimed to characterize if dust sprayed 
on soybean foliage impacts its yield and yield component char-
acteristics. in 2017 and 2018, soybean [Glycine max (L.) Merr.] 
was planted using a factorial randomized complete block de-
sign with three replicates. Plants were sprayed with a 20 g m-2 
of dust at four stages of the growth cycle, including third-node, 
the beginning of flowering, the beginning of podding, and the 
beginning of seed formation. Dust spraying was then continued 
twice weekly until the late full seed stage. Plant measurements 
included yield, yield components, stomatal conductance, per-
oxidase, and superoxide dismutase antioxidant enzymes activi-
ties. Results showed that depending on the time of application, 
the dust coverage created a range of yield loss in soybeans, most 
likely due to a reduction in stomatal conductance, grains plant-1 
and 100-seed mass. Therefore, soybean fields that are regularly 
exposed to dust might be subjected to reduced yield.

Key words: peroxidase; superoxide dismutase; stomatal 
conductance

Vpliv nalaganja prahu na pridelek in njegove komponente pri 
soji

Izvleček: Namen raziskave je bil ugotoviti, če nalaganje 
prahu na listje soje vpliva na njen pridelek in njegove kompo-
nente. V letih 2017 in 2018 je bila posejana soja [Glycine max 
(L.) Merr.] v popolnem faktorskem poskusu s tremi ponovitva-
mi. Rastline so bile posipane z 20 g m-2 prahu v štirih razvojnih 
fazah, ob pojavu tretjega nodija, v začetku cvetenja, v začetku 
razvoja strokov, in v začetku tvorbe semen. Prašenje je poteka-
lo dvakrat tedensko do dokončnega razvoja semen. Meritve na 
rastlinah so obsegale meritev pridelka in njegovih komponent, 
prevodnost rež, in meritve aktivnosti antioksidacijskih enci-
mov peroksidaze in superoksid dismutase. Rezultati so poka-
zali, da je odvisno od časa nanosa prah zmanjšal pridelek soje, 
najverjetneje zaradi zmanjšanja prevodnosti rež, zmanjšanja 
števila zrna na rastlino in mase stotih semen. Zaključimo lahko, 
da se zmanjša pridelek soje na poljih, ki so redno izpostavljena 
prašenju. 

Ključne besede: peroksidaza; superoksid dismutaza; pre-
vodnost rež
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1 IntroduCtIon

Natural factors and human activities lead to the 
production of dust particles. in iran, the primary 
sources of dust storms, which influence the western 
and central regions, originate mainly from the deserts 
of iraq and saudi arabia (Pirsaheb et al., 2014). in 
July 2009, the dust had adverse effects on iran’s agri-
cultural lands and industrial areas (Hojati et al., 2012). 
in Yazd city, located in the deserts of iran, the average 
airborne dust particles were more than 200 µg m-3 over 
five months, leading to a significant loss (between 3 % 
to 30 %) in crops yield (shahsavani et al., 2011). ac-
cording to the meteorological organization statistics of 
iran’s Kermanshah province, dusty days occur mainly 
in spring and summer seasons (Doabi et al., 2017). Due 
to the dynamic characteristics of dust, particles with 
a diameter of fewer than ten μm can be transported 
by the wind for several thousands of kilometers (Zia-
Khan et al., 2015).

Undoubtedly, dust causes many environmental 
impacts, such as loss of soil fertility or direct dam-
ages to crops, resulting in reduced agricultural prod-
ucts and, thus, large-scale economic losses (Walia et 
al., 2019). besides, there is no regular natural removal 
of dust particles on the plant leaves by strong winds 
and rain, as rainfall is scarce, and the wind brings more 
dust rather than alleviating the situation (Zia-Khan et 
al., 2015). Dust-covered leaves provide less light for 
photosynthesis. also, dust reduces the conductivity of 
the leaf stomata leading to decreased plant’s biomass 
and yield. Zia-Khan et al. (2015) believe that dust ac-
cumulation on leaf surfaces induces water stress-like 
conditions.

investigations on dust have mainly focused on the 
impacts of the different kinds of dust on morpho-phys-
iological changes in plants (Drack & Vázquez, 2018; 
Hatami et al., 2018; siqueira-silva et al., 2017; sique-
ira-silva et al., 2016). stone crusher dust led to a de-
crease in grain yield of rice (Oryza sativa. L.) (sharma 
& Kumar, 2016) and gram (Cicer arietinum L.) (shar-
ma & Kumar, 2015). also, cement dust reduced yield, 
and one thousand-seed mass in wheat (Chaurasia et 
al., 2014; Hatami et al., 2018). a significant reduction 
in stomatal conductance has been reported under the 
influence of dust (Hirano et al., 1995; Zia-Khan et al., 
2015). The smaller the particle size, the higher the ef-
fect of dust in reducing stomatal conductance so that 
fine particles less than five µm in diameter can inter-
fere with the mechanism and function of the stomata 
(singh et al., 2018).

soybean (Glycine max L.) is one of the most im-
portant crops with many applications in food products, 

animal feed, and industries (Gnoinsky et al., 2019). it 
also has unique nutritional properties such as high 
content of proteins, oil, fiber, vitamins. Therefore the 
worldwide demand for soybean is at a high level (Loku-
ruka, 2011). even with advances in farming practices, 
crop yields are still strongly linked to climate change 
(Glotter & elliott, 2016). Therefore, changes in field 
conditions, such as dust deposition, might affect crop 
performance and physiological properties.

Despite its strategic role, no study has been con-
ducted on the impact of dust on soybean at different 
stages of growth under field conditions. Therefore, the 
objective of this study was to determine if the dust used 
at different growth stages influence soybean yield and 
yield components. besides, stomatal conductance and 
the activities of peroxidase and superoxide dismutase 
antioxidant enzymes were assayed.

2 MAterIAls And MetHods

2.1 eXPeRiMeNtaL DesiGN

The study was conducted in Kermanshah, iran 
(34° 31ʹ N, 47° 09ʹ e, 1319 m above the sea level) dur-
ing two consecutive years (2017-2018). The experiment 
was laid out in the form of a factorial randomized com-
plete block design with three replicates (Fig. 1).

in each year, the experimental farm was divided 
into 24 plots (8 plots in each replicate). each experi-
mental plot consisted of 4 planting lines 4 m long and 
50 cm apart. a distance of 0.5 m was). soybean seeds 
(Glycine max ‘Hobbit’), inoculated with Rhizobium 
japonicum buchanan 1926 considered between the ex-
perimental plots, and 1.5 m between the experimental 
blocks (replicates was planted at a depth of 5 cm on 
rows 8 cm apart). The plants were watered by the sur-
face irrigation method.

2.2 DUst tReatMeNt

During the two years of the experiment, the effect 
of dust deposition on soybeans was investigated at four 
different time intervals (Fig. 2).

The control plants were rinsed with a hand sprin-
kler. Rinsing was done twice weekly to increase accu-
racy and ensure the absence of dust on control plants. 
Control plants were also rinsed by each occurrence of 
a natural dust storm. The water used for rinsing the 
control treatment was added to the soil of other plots 
to prevent possible errors. Dust particles had a natural 
origin and were collected using a gravimetric method 
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from soybean cultivating sites exposed to dust storms 
for one year. For this purpose, half-square-meter trays 
were used to gather the dust deposited during dust 

storms. Chemical analysis of the experimental dust was 
performed by Doabi et al. (2017) (table 1).

2.3 DUst aPPLiCatioN

in each year, dust spraying was done at four differ-
ent times based on the plant growth stages, including V3 
(third-node), R1 (the beginning of flowering), R3 (the 
beginning of podding), and R5 (the beginning of seed 
formation). spraying was then continued until the late 
R6 (full seed) stage twice weekly (Fig. 2). at each event, a 
20 g m-2 of dust was sprayed with a roughly uniform layer 
using a manual dust-generator. The machine was firstly 
calibrated based on the amount of dust accumulated on 

figure 1: schematic of the experimental design showing the treatments and the layout of the wind-proof spray chamber (zoom out). 
in each year of the experiment, the random distribution of treatments within the plots was different. The plants were exposed to 
dust from V3 (the third-node stage), R1 (the beginning of flowering), R3 (the beginning of podding), and R5 (the beginning seed 
formation); and C defines the control plots.

figure 2: schematic of whole of the experiment showing the dust application on soybeans at four different growth stages (time 
intervals).

element Minimum Maximum Mean
Zn 132 700 238.29
Cu 24 256 46.67
Ni 60 245 123.72
Cr 44 147 73.6
Mn 400 695 495.16
Fe 20,750 35,562 28,703.94

Table 1: Results of the chemical analysis (mg kg−1) of the 
experimental dust samples (Doabi et al., 2017)
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the surface of an a4 paper (624 cm2, Fig. 3). in addition, 
to determine the amount of dust deposited on plant leaves 
in each treatment, a rectangular cube glass container with 
a size of 27 × 29.7 cm was placed inside each plot. af-
ter each treatment, the amount of dust deposited on the 
paper surface inside the container was measured (Fig. 3). 

a wind-proof spray chamber was used to reduce 
wind disturbances during application and to ensure that 
dust was applied evenly to the treatment area, and also to 
avoid interference between the dust treatments (Fig. 1). 
The dust was sprayed when the air was constant without 
wind. after each rainfall, dust treatment was re-applied to 
soybean plants. Weather data from the weather station at 
the Razi Faculty of agriculture (the nearest weather sta-
tion) was recorded (table 2).

2.4 MeasUReMeNts

in each year, yield and yield component characters 

were measured in the late full maturity (R8) stage when 
95 % of the pods have reached their full mature color. 
antioxidant enzymes were measured in the late R6 stage 
when the plants had the maximum leaf area and height.

2.4.1 Antioxidant enzymes activity

The activity of the peroxidase enzyme (PoD) was 
measured, according to Macadam et al. (1992), with mi-
nor modifications. The reaction mixture contained 50 μg 
guaiacol and 50 μl of 3 % H2o2 in 0.1 mM phosphate buf-
fer. The reaction was started by adding 50 μl of extract. 
The reaction was started by adding 50 μl of extract. Then, 
the guaiacol peroxidase activity was determined spectro-
photometrically by measuring the absorbance increase at 
436 nm for 3 minutes at 15-second intervals.

The activity of the superoxide dismutase (soD) was 
determined consistent with beauchamp and Fridovich 
(1971) method. a 50 μl of the extract was dissolved in one 

Jun Jul aug sep oct Nov
2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018

RH (%) 17.27 24.49 12.16 13.23 10.88 14.86 11.74 15.62 21.59 42.67 50.44 70.75
Max T (°C) 34.86 34.66 39.1 40.21 38.76 39.89 35.33 34.91 26.52 25.79 17.65 15.14
Min T (°C) 13.52 13.55 18.26 19.07 18.75 16.89 13.15 13.24 7.95 10.59 3.81 5.65
Mean T (°C) 25.67 25.31 30.02 30.87 29.76 29.4 25.16 24.61 17.27 17.84 10.1 9.77
AP (mm) 0 2.2 0 0 0 0 0 0.21 0.2 71.46 39.73 126.33
DD 2 9 5 4 0 3 2 1 7 4 5 0
AWS (m s-1) 3.14 2.94 3 3.36 3.12 2.95 2.68 2.55 2.83 2.61 2.33 2.74

table 2: Meteorological data during the two years of the experiment extracted from the meteorological station at the Razi Faculty 
of agriculture, Kermanshah, iran

RH: the relative humidity, T: temperature, AP: average Precipitation, DD: The number of dusty days, AWS: average wind speed

figure 3: The sampling container used to calibrate the dust generator and to quantify the amount of dust deposited on plant leaves.
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ml of reaction buffer, including 50 mM potassium phos-
phate buffer (pH 7.8), 75 μM Nbt, 13 ml L-methionine 
0.1 mM, eDta, and two mM riboflavin. The mixture was 
placed in a light chamber for 15 minutes, and then its op-
tical absorption rate was read at nm560 wavelength.

2.4.2 stomatal conductance

The stomatal conductance (sC, mmol m-2) was mea-
sured between 9-12 am by a leaf porometer (sC-1 Deca-
gon Devices, inc., Usa) over ten leaves randomly selected 
from each plot.

2.4.3 Yield and yield components

seeds of the third and fourth planting lines of each 
plot were harvested, and then weighed based on 12 % 
moisture content (R8 stage), and converted to kg ha-1. be-
sides, some of the most important soybean yield compo-
nents were also measured, including Plant Height (PH), 
seeds Pod-1 (sPo), seeds Plant-1 (sPL), Pods Plant-1 (PPL), 
100-seed Mass (HsM), and Harvest index (Hi).

2.4.4 statistical analysis

Data were analyzed using the PRoC GLM pro-
cedure of sas software V. 9.1 (sas institute, Cary, NC, 
Usa). a pairwise comparison of means was performed 
using the t-test (LsD) method at the 0.05 level of prob-
ability. all data collected during the two growing seasons 
were evaluated in a combined analysis format and then 
analyzed for differences among treatments over the two 
years, and presented in the combined form not individu-
ally within each year.

3 results

table 2 shows the metrological data. in 2017, there 
were 2, 5, and 0 days with dust in the January, July, and 
august, respectively, coincide with V3-R1 stages, while 
there were 2, 7, and 5 days with dust for september, oc-
tober, and November, respectively, coincide with R5-R8 
stages. Therefore, in 2017, there were more days with dust 
at the end of the growth phase. Conversely, there were 
more days with dust in the early months of the growing 
season than the final months for the second year of the 
experiment. Furthermore, the wind speed on the ground 
was similar during both years of the investigation. Due to 

higher rainfall, the relative humidity was relatively higher 
in the second year.

3.1 eFFeCt oN YieLD aND YieLD CoMPo-
NeNts

Results showed that dust by stage interaction had 
significant effects on yield and yield-related traits assayed 
(table 3 and Fig. 4). as shown in table 4 and Figure 4, the 
responses of yield and yield-related traits to dust appli-
cation had the same behavior. First, their values differed 
significantly between dust-treated and control plants, 
second, the lowest values were obtained when the dust 
was applied from the V3 stage, and third, after the con-
trol, the highest values were observed when the plants 
were exposed to dust from the R5 stage. on average, over 
the two years, soybean seed yield varied from 2040.84 kg 
ha-1 to 481.42 kg ha-1. also, on average, seed yield declined 
significantly by 73.00 %, 53.33 %, 42.73 %, and 34.47 % in 
plots dusted from V3, R1, R3, and R5 stages, respectively 
(Fig. 4). similarly, the same reduction schemes were also 
found for PH, sPL, PPL, sPo, HsM, and Hi (table 4). 
The analysis of standardized regression showed that sPL 
and HsM with 0.66 and 0.35 had the most significant 
positive direct effect on seed yield, respectively, while PH 
and PPL with -0.13, and -0.10 had negative direct effects 
on seed yield (data not shown).

3.2 eFFeCt oN aNtioXiDaNt eNZYMes aC-
tiVitY aND stoMataL CoNDUCtaNCe

The activity of antioxidant enzymes differed sig-
nificantly between dust-treated and control plants. as 
shown in Figures 5 and 6, the antioxidants responses to 
dust application had the same pattern in both PoD and 
soD. both enzymes assayed showed a significant activity 
under dust treatment and peaked when the plants were 
exposed to dust from the V3 stage. However, the antioxi-
dants showed less activity when spraying was done in the 
later stages of growth (Figs 5 and 6). PoD activity was 32, 
25, 12, and 6 times higher than the control when plants 
were exposed to dust form V3, R1, R3, and R5 stages, 
respectively. 

similarly, soD activity increased by 88.08 %, 
65.51 %, 49.31 %, and 29.28 % for those plants exposed to 
dust form V3, R1, R3, and R5 stages, respectively. There-
fore, under the influence of dust, the activity of PoD 
showed a further increase compared with soD.

on average, over the two years, the stomatal con-
ductance varied from 9.91 to 26.22 mol Co2 m

-2 s-1 (ta-
ble 4). exposure to dust resulted in a significant loss in 
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sC compared to the control plants (table 4). besides, the 
highest considerable decline in sC was found for plots 
treated with dust from the V3 stage (about 64.95 % de-
crease, compared with control).

at each of the growth stages, the dust was sprayed 
weekly from V3 (the third-node stage), R1 (the begin-
ning of flowering), R3 (the beginning of podding), R5 
(the beginning of seed formation), until the late full seed 
stage (R6).

in each column, means that do not share a letter 
are significantly different according to the LsD test (α = 
0.05).

Compared with the control, the application of dust 
from the R1, R3, and R5 stages resulted in 44.64 %, 
28.24%, and 14.34% decrease in stomatal conductance, 

respectively. Therefore, sC was significantly higher for 
plots dusted from the R5 stage. The study of the Pear-
son correlation coefficients showed that sY was positively 
correlated with sPL, PPL, sPo, HsM, Hi, and sC. in con-
trast, the correlations between sY with PoD and soD 
were significantly negative (table 5).

The antioxidant enzymes were negatively correlated 
with yield and yield components. Conversely, yield and 
yield components were positively correlated with sto-
matal conductance. Pods plant-1 was negatively corre-
lated with PH. Principal components analysis revealed 
that in 2017, Hi, sY, and HsM had the highest load on 
the first principal component, respectively. similarly, in 
2018, HsM, PP, and sY had also the highest load on PC1, 
respectively. Considering that the PC1 justifies the most 

figure 4: The effect of desert dust deposition on soybean seed yield. The dust was sprayed weekly on soybean leaves from each of 
the four different growth stages shown in the figure to the late full seed stage. The letters shown at the top of the columns indicate 
significant differences based on the LsD method (α = 0.05)

figure 5: The effect of desert dust deposition on superoxide dismutase activity in soybean leaves. The dust was sprayed weekly on 
soybean leaves from each of the four different growth stages shown in the figure to the late full seed stage. The letters shown at the 
top of the columns indicate significant differences based on the LsD method (α = 0.05)
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variance therefore, HsM and sY experienced the highest 
variations under the influence of dust accumulation in 
both years (Fig. 7).

soD: superoxide dismutase activity; PoD: peroxi-
dase activity; PH: plant height; sPL: seeds per plant; PPL: 
pods per plant; sPo: seeds per pod; HsM: hundred seed 
weight; Hi: harvest index; sY: seed yield; sC: stomatal 
conductance.

4 dIsCussIon

in this study, dust resulted in a significant decrease 
in yield and yield components of soybean compared 
with the control. Previous studies have shown that dust 
pollution resulted in a yield loss in cotton (abdullaev & 

sokolik, 2020), potato (tomar et al., 2018), black gram 
(Phaseolus mungo L.) (babu et al., 2018), rice (sett, 2017; 
sharma & Kumar, 2016), and grapevine (Karami et al., 
2017). Hatami et al. (2018) studied the effects of desert 
dust on yield and yield components of cowpea and found 
that exposure to desert dust significantly decreased bi-
ological yield and seed yield of cowpea by 28.3 % and 
25.6 %, respectively, compared with normal conditions. 
Little research has specifically looked at the impacts of 
dust on soybeans yield as a result of dust being present on 
leaves (Gnoinsky et al., 2019). our results revealed that 
sPL and HsM had the most significant positive direct ef-
fects on seed yield. as a result, these traits were the main 
responsible for the majority of variation in sY. Therefore, 
the decrease in sY could be related to the significant re-
duction in these two traits. The correlation coefficients 

figure 6: The average peroxidase activity in soybean leaves under the impact of desert dust deposition. The dust was sprayed weekly 
on soybean leaves from each of the growth stages shown in the figure to the full seed stage. The letters shown at the top of the col-
umns indicate significant differences based on the LsD method (α = 0.05)

soD PoX PH sPL PPL sPo HsW Hi sY
PoX 0.87** 1
PH -0.11 -0.12 1
sPL -0.44** -0.72** 0.1 1
PPL -0.49** -0.59** -0.66** 0.378* 1
sPo -0.62** -0.53** 0.69** 0.15 -0.14 1
HsW -0.89** -0.95** 0.15 0.7** 0.55** 0.62** 1
Hi -0.22 -0.48** -0.27 0.86** 0.49** -0.21 0.48** 1
sY -0.62** -0.84** 0.09 0.97** 0.46** 0.315* 0.84** 0.82** 1
sC -0.86** -0.97** 0.14 0.72** 0.58** 0.51** 0.96** 0.47** 0.83**

table 5: Pairwise Pearson correlations between the traits studied on soybean (Glycine max L.) under the impact of dust deposition 
at different growth stages

* and ** indicate that correlation is significant at the 0.05, 0.01 level, respectively. 
soD: superoxide dismutase activity, PoX: peroxidase activity, PH: plant height; sPL: seeds plant-1; PPL: pods plant-1; sPo: seeds pod-1; HsM: one 
hundred seed mass; Hi: harvest index; sY: seed yield, sC: stomatal conductance.
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between sY and yield-related traits confirmed this in-
ference. it has been suggested that under the impact of 
dust, the acidic secretion of stigma turned into alkaline, 
a condition that is unfavorable for pollen germination, 
which leads to poor fertilization and decrease in sPL as 
well as sPo (borka, 1981; sett, 2017). it seems that un-
der the influence of dust, the drop observed in PPL, and 
HsM was mainly caused by a defect in the plant’s photo-
synthetic system due to clogging of the stomata and, as a 
result, a decrease in gas exchange. interference in the gas 
exchanges between the leaf and the air is one of the most 
critical consequences of dust accumulation on the leaves. 
at the same time, the photosynthesis process requires 
gas exchange through the stomata of the leaves. Thus any 
disturbance in the stomata pathways can cause problems 
with photosynthesis (FeleKari et al., 2017). besides, it 
was evident that dusty leaves receive less light because 
of the shading effects due to the deposition of suspended 
particulate on the leaf surface. Therefore, dust-covered 
leaves will face a decrease in photosynthesis.

The results of this study indicated that dusted plants 
had significantly smaller sC compared with control. The 
reason seems to be the clogging of the stomata above the 
leaf surface. Dust particles interfere with the mechanism 
and operation of the stomata, resulting in a significant re-
duction in gas exchange. similar to this result, Zia-Khan 
et al. (2015) reported a substantial decrease in sC of the 
dusted plants compared to the control. in one study, 

dusted leaves of Triticum aestivum L. and Pisum sativum 
L. had a more number of blocked stomata significantly 
as compared with control leading to decreased sC (Rah-
man, 2015). 

Results showed that the dusty environment induced 
the activity of the antioxidant enzymes. in plants, the ac-
tivity of antioxidant enzymes generally increases under 
stress conditions. also, the increase in antioxidant en-
zyme activity is significantly correlated with the severity 
of stress (Pilon et al., 2006; Zhang et al., 2014). antioxi-
dant enzymes work together to eliminate excess reactive 
oxygen species (Ros), thus protecting the structures and 
functions of cellular components. soD is an essential 
constituent of the antioxidant defense system in plants 
which. soD catalyzes the dismutation of superoxide into 
oxygen and hydrogen peroxide (tyagi et al., 2019). Con-
sistent with our results, several studies reported that soD 
activity increased in response to dust deposition in plants 
(erdal & Demirtas, 2010; siqueira-silva et al., 2017; 
siqueira-silva et al., 2016). PoD, another antioxidant 
enzyme, is broadly distributed among plant tissues and 
plays a significant role in various growth, development, 
and senescence processes. PoD cooperates with soD to 
eliminate superoxide and hydrogen peroxide to protect 
proteins and lipids against Ros (Zhang et al., 2014). The 
results of this study showed that PoD activity increased 
significantly with the increase in soD. The induction of 
the PoD activity under dust pollution has also been re-

figure 7: Principal components analysis of the soybean traits under the influence of dust accumulation studied in 2017 (the upper 
figures) and 2018 (bottom figures)
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ported earlier in several tree species (Keller, 1974), some 
wild dicotyledonous plants including Chrozophora plica-
ta a. Juss., and Croton bonplandianum R. br., Cleroden-
dron inerme Gaertn; Solanum torvum swartz.; Calotropis 
procera R. br. (sarkar et al., 1986), and grapevine (Vitis 
vinifera L.) (Karami et al., 2017). 

5 ConClusIons

We found that applying the dust from the vegeta-
tive growth stage caused the highest decrease in soybean 
yield and yield components, and at the same time, led to 
the highest increase in the antioxidant enzyme activities. 
Compared to different growth stages, the occurrence of 
dust at the V3 stage causes plants to be exposed to dust 
for more extended periods. on the other hand, most 
crops become increasingly tolerant during later stages of 
growth (Pirasteh et al., 2014). Therefore, the occurrence 
of dust at the vegetative stage led to more significant ad-
verse effects on soybean. in conclusion, it was found that 
the dust accumulation on soybean leaf surfaces reduced 
stomatal conductance, yield, and yield components. Loss 
in grains plant-1 and one hundred seed mass was the main 
reason for the reduction in grain yield. More importantly, 
the results of this study show that yield and yield compo-
nents were adversely affected by dust deposits during the 
vegetative period.
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Zasnove kmetijsko-okoljskih ukrepov in njihove značilnosti
Izvleček: Kmetijsko-okoljska plačila (KoP) so instrument 

kmetijske politike za spodbujanje kmetijskih praks in aktivno-
sti, ki presegajo z zakonodajo določene osnovne okoljske stan-
darde. Načrtovanje KoP je kompleksen vsebinski, organizacij-
ski in participativni proces. odločevalci so soočeni z zahtevno 
nalogo izbora ustreznih zasnov ukrepov, pri čemer razpolo-
žljive možnosti in njihove prednosti in slabosti večinoma niso 
zbrane in predstavljene na sistematičen način. Namen prispev-
ka je opredeliti tipologijo ukrepov z vidika podlage za plačilo, 
koordinacije ukrepanja in načina izbora upravičencev. Nadalje 
prispevek podaja pregled uporabnosti in izvajanja posameznih 
zasnov ukrepov v praksi, ki temelji na pregledu literature in 
analizi primerov ukrepov v državah članicah eU in eFta. V 
evropski uniji sodijo KoP med najpomembnejše instrumente 
na področju varstva okolja in narave, vendar raziskave kažejo, 
da imajo kljub velikemu vložku proračunskih sredstev razme-
roma majhne okoljske učinke. V zadnjih dveh desetletjih zato v 
evropskih in drugih državah preizkušajo različne nove zasnove 
KoP, s katerimi skušajo izboljšati njihovo uspešnost pri dose-
ganju okoljskih ciljev in stroškovno učinkovitost. Ukrepi, ki so 
doslej večinoma temeljili na izpolnjevanju predpisanih praks, 
dopolnjujejo in v nekaterih državah že nadomeščajo rezultat-
sko naravnani in podrobneje prostorsko opredeljeni ukrepi. 
Nekatere evropske države preizkušajo tudi načine, kako kmetij-
ske prakse, ki omogočajo doseganje ciljev s področja varovanja 
okolja in narave, uveljaviti s skupnim delovanjem kmetovalcev 
in drugih deležnikov.

Ključne besede: kmetijsko-okoljski ukrepi; rezultatske 
sheme; skupno delovanje; prostorsko ciljanje; okoljske dražbe; 
biodiverziteta v kmetijskih ekosistemih; vplivi kmetijstva na 
okolje; skupna kmetijska politika

designs and characteristics of agri-environmental measures
Abstract: agri-environmental measures (aeM) are an 

agricultural policy instrument for enhancing of agricultural 
practices and activities that go beyond the basic environmen-
tal standards. Formulation of agri-environmental measures is a 
complex substantive, organisational and participatory process. 
Decision-makers are faced with the difficult task of selecting 
appropriate design of measures, while the available options and 
their (dis)advantages are in most part not readily available. The 
purpose of this paper is to outline a typology of possible aeM 
in terms of the basis for payments, coordination of actions and 
selection of beneficiaries. Furthermore, the paper provides an 
overview of the applicability and implementation of particular 
measures in practice, which is based on a literature review and 
an analysis of measures in the eU and eFta Member states. in 
the european Union, aeM are among the essential instruments 
in the field of environmental protection and nature conserva-
tion. However, research shows that despite a substantial budg-
etary allocation, aeM have relatively small environmental im-
pacts. over the last two decades, various new designs of aeM 
have been tested in an attempt to improve their environmental 
effectiveness and efficiency. Predominantly management-based 
measures are thus becoming more result-oriented and more 
spatially targeted. some european countries have also piloted 
the implementation of collective action by farmers and other 
stakeholders to achieve environmental and nature conservation 
objectives.

Key words: agri-environmental measures; result-based 
payments; collective action; spatial targeting; environmental 
auctions; farmland biodiversity; environmental impacts of ag-
riculture; Common agricultural policy
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1 uVod

eno od temeljnih vprašanj okoljske politike je, kako 
ekosistemske storitve na podeželskih območjih, na katere 
vpliva kmetijska raba, učinkovito vpeljati v instrumen-
te javnih, posebej kmetijskih politik (Gerowitt in sod., 
2003). Kmetijsko-okoljska plačila (KoP) so instrument 
skupne kmetijske politike (sKP) evropske unije (eU), 
s katerim si države članice prizadevajo za zmanjšanje 
negativnih vplivov kmetijstva na okolje in naravo in za 
ohranjanje ekosistemskih storitev in drugih pozitivnih 
družbenih koristi kmetovanja. Upoštevajoč nacionalno 
sofinanciranje je izvedbi KoP v programskem obdobju 
2014–2020 v eU namenjenih 26 milijard eUR oziroma 
17 % sredstev v okviru politike razvoja podeželja (PRP), 
kar je primerljivo sredstvom PRP za investicije v kme-
tijstvo (okrog 23 %) in za podporo območjem z omeje-
nimi dejavniki (okrog 16 %) (oeCD, 2017). V številnih 
državah je letna poraba sredstev za KoP primerljiva ali 
celo večja od skupnega proračuna, ki je namenjen izvaja-
nju ostalih okoljskih in naravovarstvenih ukrepov, kot je 
upravljanje zavarovanih območij in omrežja Natura (ba-
táry in sod., 2015).

sistemsko financiranje kmetijsko-okoljske politike v 
obliki KoP v eU poteka od leta 1987, z Macsharryjevo 
reformo sKP leta 1992 pa je izvajanje KoP postalo obve-
zno za vse države članice (buller in sod., 2000). KoP so 
namenjena izvajanju nadstandardnih okoljskih praks in 
so utemeljena z načelom »dobavitelj prejme«, po katerem 
so kmetje kot ponudniki oziroma dobavitelji javnih do-
brin upravičeni do finančne kompenzacije za višje stro-
ške oziroma nižje prihodke, povezane z izvajanjem nad-
standardnih okoljskih praks (Uthes in Matzdorf, 2013). 
Kmetijska gospodarstva se zato v KoP vključujejo pro-
stovoljno in s financerjem sklenejo večletno pogodbo, na 
podlagi katere nato prejemajo letna plačila. Upravljanje 
KoP, ki od leta 2000 poteka v okviru sedemletnih Pro-
gramov razvoja podeželja (PRP), si delijo države članice 
in evropska komisija (eCa, 2011).

Kljub velikemu vložku proračunskih sredstev v iz-
vajanje KoP rezultati vrednotenj kažejo, da imajo kme-
tijsko-okoljski ukrepi v eU razmeroma majhne okoljske 
učinke (npr. eCa, 2011, 2020; alliance environment, 
2019). Z raziskavami so pokazali, da KoP na lokalni 
ravni sicer pogosto povečujejo pestrost in pogostost iz-
branih vrst, vendar na ravni eU doslej niso bili uspešni 
pri zaustavitvi izginjanja biotske pestrosti v kmetijskih 
ekosistemih (batáry in sod., 2011; Gamero in sod., 2017; 
Kleijn in sutherland, 2003). Na področju varstva okolja 
so evalvacije uspešnosti KoP, ki jo razumemo kot ure-
sničevanje zastavljenih ciljev, redkejše, vendar prav tako 
pogosto niso zaznale pozitivnih učinkov ali pa so bili ti 
omejeni (Uthes in Matzdorf, 2013). Podobno velja tudi 

za slovenijo (Kaligarič in sod., 2019; slabe-erker in sod., 
2017; Šumrada in sod., 2020a).

Premajhna uspešnost KoP je lahko povezana z ne-
ustreznim načrtovanjem, ki se kaže predvsem pri opre-
delitvi ciljev, zasnovi ukrepov in izračunu višine plačil 
(eCa, 2011; Poláková in sod., 2011; Šumrada in sod., 
2020b). Posledično je lahko pomemben problem tudi ne-
pripravljenost upravičencev za vpis v KoP, saj so lastno-
sti ukrepov pomemben dejavnik, ki ga kmetje upoštevajo 
pri odločanju (Lastra-bravo in sod., 2015). Načrtovanje 
KoP je zato zahteven proces, saj morajo KoP omogočiti 
uresničitev različnih, včasih nasprotujočih si okoljskih 
ciljev in zagotoviti lokalnim razmeram dobro prilagojene 
ukrepe (Meyer in sod., 2015). Najbolj uspešni kmetijsko-
-okoljski ukrepi so običajno ciljne sheme (higer-level, zo-
nal ali dark green schemes), ki so namenjene doseganju 
ozko opredeljenih okoljskih ciljev in se zato izvajajo na 
natančno določenih območjih (npr. Newton, 2017). Po 
drugi strani imajo sheme s splošnim vpisom (entry-level, 
horizontal ali light green schemes), ki zasledujejo široko 
opredeljene cilje in spodbujajo manj zahtevne okoljske 
prakse na širših območjih, praviloma majhne učinke 
(eCa, 2020). 

Zasnova (design) kmetijsko-okoljskega ukrepa je 
celovit sistem organizacije, ki vključuje njegovo vsebin-
sko in prostorsko opredelitev, pogoje in način sklepanja 
pogodbenih razmerij med financerjem in upravičenci 
ter razdelitev nalog pri upravljanju med institucijami, 
kot so nadzor, usposabljanje in koordinacija ukrepanja 
(saba, 2017). Večina evropskih držav, vključno s sloveni-
jo, ukrepe trenutno izvaja v obliki individualnih pogodb 
s kmeti, ki izvedejo predpisane kmetijske prakse (eNRD, 
2019). V številnih državah pa so v zadnjih dveh desetle-
tjih preizkušali tudi drugačne zasnove ukrepov, s kateri-
mi so skušali izboljšati uspešnost KoP in njihovo stro-
škovno učinkovitost. Zahtevnejše zasnove ukrepov gredo 
tako predvsem v smeri bolj natančne opredelitve upravi-
čenih območij (prostorska ciljnost) (Reed in sod., 2014), 
spodbujanja koordinacije in sodelovanja med kmeti 
(Westerink in sod., 2017) in sistema plačil, ki temelji na 
rezultatih izvajanja ukrepov (Herzon in sod., 2018). Po-
teka pa tudi preizkušanje novih teoretičnih konceptov, 
kot sta skupinski bonus (Parkhurst in shogren, 2007) in 
okoljska dražba (schilizzi, 2017). 

Raziskave in izkušnje kažejo, da je izvajanje zah-
tevnejših zasnov ukrepov v praksi povezano s številnimi 
izzivi (Uthes in Matzdorf, 2013). sistem plačil, ki temelji 
na doseganju rezultatov, na primer omogoča večjo cilj-
nost in stroškovno učinkovitost v primerjavi z ukrepi s 
predpisanimi praksami, prav tako je lahko bolje sprejet 
med upravičenci. Po drugi strani pa se je izkazalo, da je 
uporaba takšnih ukrepov večinoma omejena na okoljske 
probleme, ki so dobro prostorsko definirani in raziskani 
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in kjer je mogoče opredeliti enostavno merljive kazalnike 
stanja (Herzon in sod., 2018). Prav tako je treba presodi-
ti, ali morebitni višji transakcijski stroški, ki so povezani 
z izvajanjem posamezne zasnove, odtehtajo njeno večjo 
uspešnost (oeCD, 2010).

odločevalci kmetijske politike so tako soočeni z 
zahtevno izbiro med različnimi zasnovami kmetijsko-
-okoljskih ukrepov, pri čemer so razpoložljive možnosti 
pogojene z omejenimi podatkovnimi, finančnimi in ka-
drovskimi sredstvi, znanje o njihovih prednostih in sla-
bostih pa je pogosto šibko in ni predstavljeno na sistema-
tičen način (oeCD, 2010). Cilji tega prispevka so zato:

•	 opredeliti tipologijo kmetijsko-okoljskih ukre-
pov, 

•	 izvesti medsebojno primerjavo njihovih značil-
nosti in

•	 pregledati izvajanje zahtevnejših zasnov ukre-
pov v evropskih državah. 

Na ta način želimo zapolniti vrzel na tem področju 
v domačem slovstvu in prispevati k učinkovitejšem sno-
vanju in izvajanju kmetijsko-okoljske politike. Prispevek 
doprinaša tudi k razvoju slovenske kmetijsko-okoljske 
terminologije.

2 VIrI In Metode

Prispevek temelji na pregledu znanstvenih in stro-
kovnih objav (poročila študij, programski dokumenti in 
zakonodaja), pri čemer smo se osredotočili predvsem 
na objave iz evropskih držav. Pregled znanstvene litera-
ture smo izvedli s sistematično analizo objav v spletni 
bazi isi Web of science, kjer so iskalni kriteriji vklju-
čevali ključne besede »agri-environment(al) contract«, 
»agri-environment(al) measure«, »agri-environment(al) 
scheme« ali »agri-environment(al) policy« v obdobju od 
1970 do 2019 v angleškem jeziku. strokovna gradiva smo 
iskali s pomočjo spletnih brskalnikov in na spletnih stra-
neh ključnih raziskovalnih, evropskih in mednarodnih 
institucij. Na ta način smo pridobili 2.576 objav (na dan 
10. 4. 2020), ki smo jih glede na vsebino razvrstili v več 
podskupin. V raziskavi smo nato obravnavali skupaj 355 
objav, ki se nanašajo na načrtovanje, upravljanje in tipe 
pogodbenih razmerij v okviru kmetijsko-okoljske poli-
tike. 

Zaradi primerljivosti družbenega in institucional-
nega konteksta smo se pri iskanju primerov kmetijsko-
-okoljskih ukrepov osredotočili na države članice eU 
in evropskega združenja za prosto trgovino (eFta), ki 
vključuje islandijo, Lihtenštajn, Norveško in Švico. Drug 
kriterij je bil, da smo v pregled vključili samo aktualne ali 
že zaključene primere ukrepov z zahtevnejšimi zasnova-
mi. slednje pomeni, da smo izločili ukrepe, ki so zasno-

vani kot preproste sheme s predpisanimi praksami, indi-
vidualnim načinom sklepanja pogodb in brez posebnega 
sistema izbora upravičencev. Prav tako v pregled nismo 
vključili pilotnih ukrepov, ki so bili razviti zgolj za razi-
skovalne namene. Končni seznam je obsegal 43 primerov 
ukrepov (priloga).

3 reZultAtI In rAZprAVA

V literaturi so objavljene različne opredelitve tipov 
kmetijsko-okoljskih ukrepov, ki jih avtorji razvrščajo 
glede na značilnosti, kot so prostorska ciljnost, dolžina 
pogodb, porazdelitev tveganja in način izbora upravičen-
cev (oeCD, 2013, 2015; Vojtech, 2010). izmed obstoje-
čih tipologij smo izbrali najpogostejše in jih združili v tri 
ključne značilnosti ukrepov: podlaga za plačilo, koordi-
nacija ukrepanja in izbor upravičencev.

3.1 PoDLaGa Za PLaČiLo iN PoRaZDeLiteV 
tVeGaNJa Za DoseGaNJe ReZULtatoV

3.1.1 opredelitev in tipologija zasnov

Prvo področje zasnove ukrepov, ki je v zadnjih dveh 
desetletjih v evropi najbolj raziskano, temelji na oprede-
litvi, kako so v kmetijsko-okoljski pogodbi opredeljeni 
pogoji za dodelitev plačila. Kmet lahko prejme plačilo 
pod pogojem, da izvede dogovorjene aktivnosti oziroma 
kmetijske prakse, ali pa plačilo prejme neposredno za 
rezultate ukrepanja (Herzon in sod., 2018). Na ta način 
se med financerjem in upravičencem uredi vprašanje po-
razdelitve tveganja za dosego rezultatov ukrepa. V prvem 
primeru tveganje nosi predvsem financer, saj prevzame 
odgovornost za opredelitev takšnih aktivnosti, ki bodo 
vodile v uresničitev zastavljenih ciljev. Rezultatske sheme 
po drugi strani upravičencem omogočajo več fleksibilno-
sti in možnosti za izvirne rešitve pri izvajanju kmetijskih 
praks, vendar s tem kmetje prevzamejo tudi večjo odgo-
vornost za končno uspešnost ukrepa (Uthes in Matzdorf, 
2013). 

Raziskovalci so na podlagi celovitega pregleda dose-
danjih ukrepov v evropi opredelili tri glavne tipe zasnov 
(preglednica 1) (Herzon in sod., 2018): 

•	 V shemi s predpisanimi praksami (action-ba-
sed ali management-based scheme) upravičenec 
prejme plačilo za izvedbo ali opustitev določe-
nih kmetijskih opravil ali drugih aktivnosti, kot 
so prepoved ali omejitev uporabe gnojil, košnja 
po določenem datumu ali obnovitvena rez v vi-
sokodebelnem sadovnjaku. 

•	 Druga skrajnost je popolnoma rezultatska she-
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eU), deloma pa tudi s specifičnim politično-ekonom-
skim in kulturnim okoljem (Chobotová, 2013; sutcliffe 
in sod., 2015).

Po zadnjem dostopnem pregledu iz leta 2017 je 
v evropi potekalo pet popolnoma rezultatskih shem in 
okrog 20 mešanih shem, od teh večina v različnih nem-
ških deželah (priloga) (Herzon in sod., 2018). Glavnina 
ukrepov je usmerjenih v doseganje naravovarstvenih ci-
ljev, in sicer v ohranjanje varstveno pomembnih habita-
tnih tipov in ekstenzivne rabe travišč (predvsem v Nem-
čiji, Franciji, Švici in na irskem) ter določenih živalskih 
vrst (ujede in velike zveri v skandinaviji in travniške vrste 
ptic in ujede na Nizozemskem, v Nemčiji in na irskem). 
Nekateri ukrepi poleg tega spodbujajo tudi ohranjanje 
krajinskih elementov (npr. program burren na irskem) 
(burton in schwarz, 2013).

Primerov okoljevarstvenih rezultatskih ali meša-
nih shem je po drugi strani malo tako v evropi kot tudi 
drugod po svetu, kar je verjetno povezano z zahtevno-
stjo določitve ustreznih kazalnikov (burton in schwarz, 
2013). sheme na tem področju zato pogosto vključujejo 
skupno delovanje. tipičen primer so večinoma lokalno 
financirani ukrepi za varstvo voda v Nemčiji, kjer je na 
izbranem območju treba vzdrževati koncentracijo nitra-
tov v vodah pod določeno mejo. V Španiji poteka tudi 
ukrep za preprečevanje zaraščanja s pašo, ki je namenjen 
preprečevanju požarov (Herzon in sod., 2018). Na drugih 
okoljskih področjih je preizkušanje rezultatskih ukrepov 

ma (pure result-based ali outcome-based sche-
me), v kateri kmet nima predpisanih nobenih 
praks, temveč plačilo prejme v primeru, da do-
seže določen okoljski ali naravovarstveni uči-
nek. ta se dokaže z dogovorjenim kazalnikom, 
kot je število rastlinskih vrst na travniku, gnez-
deči par ogrožene živalske vrste ali koncentra-
cija nitratov v vodi. 

•	 tretja možna zasnova je mešana shema (hybrid 
scheme), ki na različne načine združuje elemen-
te obeh zgoraj opisanih zasnov.

3.1.2 pregled izvajanja v evropi

Prve raziskave in poskusno izvajanje mešanih in re-
zultatskih shem se je pričelo v 90. letih. Financirane so 
bile pretežno iz nacionalnih in regionalnih proračunov 
in iz zasebnih virov, uspešni pilotni projekti pa so bili 
nato običajno vključeni v ukrepe skupne kmetijske po-
litike, kjer se izvajajo in nadgrajujejo še danes. Najdaljše 
izkušnje s tovrstnimi shemami zasledimo v Nemčiji, Švi-
ci, na Nizozemskem in v skandinaviji (Švedska in Fin-
ska), najmanj 10 let pa potekajo tudi na irskem, v Franciji 
in Španiji (Herzon in sod., 2018). Po drugi strani so v dr-
žavah vzhodne in južne evrope tovrstni pilotski poskusi 
precej redki, kar je verjetno deloma povezano s pozno 
uveljavitvijo kmetijsko-okoljskih plačil v naboru instru-
mentov kmetijske politike (neredko šele po pristopu k 

tip zasnove kategorija glavne značilnosti osnova za plačilo
shema s predpisani-
mi praksami

shema, ki podpira določen sistem 
kmetovanja 

Upravičenci morajo izvesti (ali opus-
titi) predpisane aktivnosti.

izvedba določenega sistema 
kmetovanja, ki ima znane okoljske 
ali naravovarstvene učinke (npr. 
ekološko kmetijstvo)

shema s predpisanimi praksami Upravičenci morajo izvesti (ali opus-
titi) predpisane aktivnosti.

izvedba (ali opustitev) predpisanih 
praks, ki prispevajo k doseganju 
okoljskih ali varstvenih ciljev

mešana shema shema s predpisanimi praksami in 
možnostjo rezultatskega dodatka 

Upravičenci morajo izvesti (ali 
opustiti) predpisane aktivnosti, 
spremljanje doseženih učinkov je 
neobvezno.

izvedba (ali opustitev) predpisa-
nih praks z dodatnim plačilom, 
če se dosežejo posebni učinki ali 
rezultati

rezultatska shema s predpisanimi 
osnovnimi praksami

Rezultatska shema, v kateri je 
izvedba (ali opustitev) nekaterih 
aktivnosti pogoj za vpis v shemo.

okoljski ali naravovarstveni učin-
ki, ki se dokazujejo s predhodno 
določenimi kazalniki

rezultatska shema popolnoma rezultatska shema shema ne predpisuje izvajanja nobe-
ne kmetijske prakse.

okoljski ali naravovarstveni učin-
ki, ki se dokazujejo s predhodno 
določenimi kazalniki

preglednica 1: tipologija kmetijsko-okoljskih ukrepov glede na način plačila in porazdelitev tveganja za doseganje rezultatov med 
financerjem in upravičencem (povzeto po Herzon in sod., 2018, str. 348)
table 1: typology of agri-environmental measures according to the basis for payments and risk distribution between financier and 
beneficiaries in terms of achieving the results (based on Herzon et al., 2018, p. 348)
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trenutno še na nivoju raziskav (Colombo in Rocamora-
-Montiel, 2018; sidemo-Holm in sod., 2018).

V številnih državah članicah eU potekajo tudi ukre-
pi, ki so namenjeni ohranjanju genskih virov v kmetij-
stvu, kot so tradicionalne in avtohtone pasme rejnih ži-
vali, in ohranjanju visokodebelnih sadovnjakov in drugih 
ekstenzivnih trajnih nasadov. ti so lahko v določenih 
elementih prav tako rezultatsko usmerjeni, vendar jih av-
torji praviloma obravnavajo kot ločeno kategorijo (Her-
zon in sod., 2018).

3.1.3 prednosti in slabosti različnih tipov Kop

V evropski uniji in drugod po svetu prevladujejo 
sheme s predpisanimi praksami, za kar je verjetno več 
razlogov. Na tem področju obstaja največ izkušenj in obi-
čajno jih je relativno enostavno zasnovati, izvajati in nad-
zorovati, kar lahko pomeni tudi nižje transakcijske stro-
ške. Kmetje jih lahko lažje sprejmejo, saj je raven tveganja 
zanje v primerjavi z drugimi možnostmi nižja (burton in 
schwarz, 2013; Vainio in sod., 2019). Po drugi strani je z 
izvajanjem shem s predpisanimi praksami povezanih več 
izzivov. takšni ukrepi namreč močno omejijo fleksibil-
nost kmetijskih gospodarstev pri iskanju novih, morda 
bolj stroškovno učinkovitih okoljskih rešitev (oeCD, 
2010). Poleg tega določitev enotne rabe pogosto prepreči 
možnost za dinamično prilagajanje kmetovanja vremen-
skim razmeram, spremembam v ekosistemu in lokalnim 
razlikam med posameznimi zemljišči (sabatier in sod., 
2012; Uthes in Matzdorf, 2013). Ker se rezultate ukre-
panja spremlja le posredno, če sploh, obstaja tudi nevar-
nost, da države preveč pozornosti namenijo osnovnim 
kazalnikom učinka, kot je število sodelujočih kmetov ali 
vključenih površin (Herzon in sod., 2018).

Ključne prednosti rezultatske in mešane sheme zato 
vključujejo jasnejšo povezavo med plačilom in okoljski-
mi učinki ter uspešnejše reševanje kompleksnih okoljskih 
problemov, za katere je težko predpisati enotno kmetij-
sko prakso (o’Rourke in Finn, 2020). Več fleksibilnosti 
pri kmetovanju omogoča, da kmetje v izvajanje ukrepa v 
večji meri vključijo svoje znanje, izkušnje in poznavanje 
lokalnih razmer, doseganje okoljskih ciljev pa postane 
bolj vključeno v upravljanje kmetijskega gospodarstva. 
Kmetje rezultatske sheme zato praviloma dobro sprejme-
jo, saj se na ta način lahko samostojno odločajo o kme-
tijskih praksah, s katerimi dosegajo zastavljene okoljske 
oziroma naravovarstvene cilje. obenem jih spodbudijo, 
da prevzamejo del odgovornosti za rezultate in povečajo 
njihovo poznavanje in razumevanje okoljskih ciljev (bir-
ge in Herzon, 2019). 

Rezultatske sheme omogočajo bolj neposreden sis-
tem nadzora in izkazovanja rezultatov ukrepanja in pra-

viloma izboljšajo sodelovanje med različnimi deležniki, 
saj zahtevajo bolj celosten sistem načrtovanja in decen-
tralizirano upravljanje (o’Rourke in Finn, 2020). te she-
me so običajno tudi bolj ciljne, saj imajo vgrajeno logiko, 
da kmetje vpišejo zgolj tista zemljišča, ki so varstveno 
ali okoljsko primerna. to je lahko tudi razlog za njihovo 
večjo stroškovno učinkovitost, saj se s tem zmanjša t.i. 
»mrtva izguba« sredstev, ki se sicer porabijo za financi-
ranje neprioritetnih površin (burton in schwarz, 2013; 
Kaligarič in sod., 2019).

3.1.4 Zasnova in uporabnost rezultatskih in mešanih 
shem

Ključni dejavniki, ki vplivajo na uspešnost rezul-
tatskih in mešanih shem, so dobro definirani okoljski 
cilji, ustrezni kazalniki, na katerih temeljijo plačila, in 
naklonjeno družbeno in institucionalno okolje (Herzon 
in sod., 2018). Večina avtorjev se strinja, da so te she-
me najbolj primerne za okoljske probleme, pri katerih je 
treba zagotoviti nadaljnjo ohranjanje območja v dobrem 
okoljskem ali naravovarstvenem stanju, kmetje pa ima-
jo dovolj znanja in izkušenj z ustreznimi kmetijskimi 
praksami. Po drugi strani so običajno manj primerne za 
območja, kjer je potrebna renaturacija (obnovitev) ha-
bitatov ali vzpostavitev povsem novih praks (npr. novih 
okoljskih tehnologij), s katerimi kmetje nimajo veliko la-
stnih izkušenj in so zato tudi manj pripravljeni prevzeti 
tveganje. Prav tako lahko obnova habitatov v intenzivno 
rabljeni kmetijski krajini traja precej dlje kot običajna 
kmetijsko-okoljska pogodba (Uthes in Matzdorf, 2013).

Uporaba rezultatskih shem je smiselna, če je možno 
opredeliti kazalnike, ki so jasno povezani z okoljskimi 
cilji in so tudi enostavno merljivi. Ključno je, da so ka-
zalniki odvisni predvsem od kmetijskih opravil in drugih 
aktivnosti, nad katerimi imajo kmetje nadzor v času tra-
janja pogodbe, vpliv drugih dejavnikov, kot so vremen-
ske razmere, pa je minimalen (burton in schwarz, 2013). 

Kazalniki so lahko enostavni (npr. pri pticah število 
gnezdečih parov) ali sestavljeni iz ocene stanja, ki temelji 
na več kriterijih (npr. popašenost, sestava travne ruše in 
prisotnost golih tal na travinju). Ukrep je lahko zasno-
van tako, da ima samo en mejnik in posledično samo eno 
višino plačila (npr. določeno število indikatorskih vrst 
rastlin na travniku), stopenjski sistem z več mejniki in 
višinami plačil (npr. 6 in 8 ciljnih vrst rastlin na travni-
ku) ali kontinuirani sistem, kjer se plačilo povečuje zve-
zno (npr. plačilo se do določene meje povečuje za vsako 
dodatno vrsto indikatorske rastline). Mejniki pri tem ne 
smejo biti zastavljeni prenizko, saj bi se tako lahko spod-
budilo slabšanje stanja na območju. V primeru, da vseh 
kazalnikov v praksi ni mogoče opredeliti ali izmeriti na 
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enostaven način, je smiselno razmisliti o mešani shemi, 
v kateri so določene prakse predpisane (Herzon in sod., 
2018; Kaiser in sod., 2019).

Ustreznost kazalnikov in sistem preverjanja sta 
običajno med glavnimi bojaznimi kmetov, ki jih lahko 
odvrnejo od sodelovanja v ukrepu, če niso ustrezno na-
slovljene. Pomembno je, da je sistem za kmete enostaven 
in razumljiv in da imajo na voljo kakovostno svetoval-
no podporo (birge in sod., 2017; Wezel in sod., 2018). 
Vzpostaviti je treba tudi mehanizem za razreševanje spo-
rov med kmetom in nadzorno službo v primeru, da se ne 
strinjajo z rezultati meritve kazalnikov (Herzon in sod., 
2018).

slednjič je za razvoj tovrstnih shem ključno primer-
no družbeno in institucionalno okolje. Rezultatske sheme 
so običajno nastale kot odgovor na kompleksne okoljske 
probleme, pri katerih prevladujoči centralno vodeni sis-
tem ukrepov z vnaprej predpisanimi praksami ni deloval. 
Posledično je bilo treba izboljšati znanje in podatkovne 
podlage za ukrepanje in vzpostaviti bolj decentraliziran 
sistem upravljanja (o’Rourke in Finn, 2020; Wezel in 
sod., 2016). V upravljanje ukrepa so zato pogosto vklju-
čene regionalne vladne ali nevladne organizacije, ki so 
lahko zaradi dobrega poznavanja lokalnih razmer bolj 
kompetentne za tovrstne naloge kot institucije na državni 
ravni. Ključna elementa, ki omogočata delovanje celotne-
ga sistema, sta zaupanje med posameznimi deležniki, še 
posebej med financerjem in kmetijskim gospodarstvom, 
in fleksibilnost, ki omogoča eksperimentiranje in nad-
gradnjo ukrepa na podlagi pridobljenih izkušenj (Her-
zon in sod., 2018).

3.2 KooRDiNaCiJa UKRePaNJa iN NaČiN 
sKLePaNJa PoGoDb

3.2.1 opredelitev in tipologija zasnov

Za številne okoljske probleme je značilno, da za-
devajo obsežna območja, zato je uspešno upravljanje z 
naravnimi viri odvisno od usklajenega delovanja večjega 
števila akterjev. ohranjanje populacij rastlinskih in ži-
valskih vrst, ki so sposobne dolgoročnega preživetja, je 
odvisno od zadostne površine prostorsko povezanih ha-
bitatov, ki omogočajo migracijo osebkov znotraj in med 
posameznimi populacijami. Koordinirano ukrepanje je 
potrebno tudi pri številnih okoljevarstvenih izzivih, kot 
so varstvo voda pred onesnaženjem z nitrati in fitofar-
macevtskimi sredstvi, varstvo tal pred erozijo in blaže-
nje podnebnih sprememb. sodelovanje več akterjev pa je 
lahko pomembno tudi, ko kmetijstvo neposredno koristi 
ekosistemske storitve, zlasti če je za njih značilno, da so-
dijo med javne dobrine (public goods). takšni primeri so 

na primer raba vode za namakanje in ohranjanje opra-
ševalcev in naravnih plenilcev za kmetijstvo škodljivih 
organizmov (Zavalloni in sod., 2019).

Za uresničevanje večine okoljskih ciljev lahko zado-
stuje že koordinacija ukrepanja (coordination), s katero se 
usmerja individualno delovanje posameznih kmetijskih 
gospodarstev. spodbujanje sodelovanja (collaboration), 
ki pomeni aktivno srečevanje, skupno delo in morebitne 
skupne naložbe kmetov, pa je običajno potrebno v pri-
meru kompleksnih okoljskih problemov, ki vključujejo 
tudi širšo socialno in ekonomsko problematiko območja 
(boulton in sod., 2013).

Najbolj preprost sistem za spodbujanje koordinira-
nega delovanja so komunikacijske aktivnosti (Pregledni-
ca 2), s katerimi se kmete ozavešča o okoljskem proble-
mu in spodbuja k izvajanju aktivnosti. Pravno zavezujoč 
dogovor v obliki kmetijsko-okoljske pogodbe pa lahko 
financer sklene neposredno s posameznim kmetom ali 
pa se ti organizirajo na različne načine, ki segajo od ne-
formalnega projektnega sodelovanja do ustanovitve nove 
pravne osebe, kot je zadruga ali interesno združenje. sle-
dnja lahko v imenu skupine kmetov sklene pogodbo s fi-
nancerjem in prevzame določene naloge, kot so priprava 
skupne vloge in načrta upravljanja, administriranje, iz-
vedba plačil in nadzor (Polman in sod., 2010). 

Doseganje skupnih ciljev je mogoče spodbuditi tudi 
z nadgradnjo individualnih pogodb s skupinskim bonu-
som (agglomeration bonus). V tem primeru kmet prejme 
dodatno plačilo, če se v ukrep vključijo zemljišča, ki so 
v lasti sosednjih kmetov (mejašev) ali pa določen obseg 
zemljišč na širše opredeljeni prostorski enoti (npr. kra-
jevna skupnost ali vodovarstveno območje). Ukrep pa je 
lahko zasnovan tudi po načelu »vse ali nič«. to pomeni, 
da se celotno plačilo oziroma izvajanje ukrepa aktivira 
le pod pogojem, da se doseže opredeljeni obseg zemljišč 
na območju, kar se v literaturi imenuje skupinsko plačilo 
(agglomeration payment) (Wätzold in Drechsler, 2014).

Z namenom koordinacije ukrepanja se v proces po-
leg financerja in kmetov lahko vključijo tudi druge orga-
nizacije, ki na lokalni ravni prevzamejo določene naloge 
pri upravljanju ukrepa, kot so nadzor nad izvajanjem, 
svetovalna podpora ali sklepanje pogodb v imenu finan-
cerja (Polman in sod., 2010). običajno gre za okoljske ne-
vladne organizacije (NVo), lokalne skupnosti in uprave 
zavarovanih območij, redkeje pa za privatne akterje (npr. 
podjetja s koncesijo za oskrbo s pitno vodo) z močnim 
interesom za doseganje okoljskih ciljev in kapacitetami 
za koordinacijo kmetov na območju. Na ta način finan-
cer upravljanje ukrepa prenese na lokalno raven, kjer je 
doseganje cilja v skupnem interesu večjega števila delež-
nikov (oeCD, 2013; Westerink in sod., 2017). 

Zadnji tip zasnove je oddaja zemljišč v upravljanje. 
V tem primeru financer ali druga pooblaščena organiza-
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cija postane formalni upravljavec s prevzemom lastništva 
nad zemljišči, ki so ključna za doseganje okoljskega cilja, 
in nato pod določenimi pogoji prenese upravljanje na 
zainteresirane kmete. Pogodba lahko predvideva plačilo 
najemnine s strani kmeta, brezplačno upravljanje ali pa 
plačilo storitev kmetu s strani lastnika zemljišč (Polman 
in sod., 2010). Možno je tudi, da formalni upravljavec 
s kmeti, ki so lastniki zemljišč na ciljnem območju, za-
menja zemljišča v svoji lasti, ki se nahajajo izven ciljnega 
območja (oeCD, 2013). tipični primeri takšnih upravl-
jalcev so javni skladi in uprave zavarovanih območij, ki 
imajo v upravljanju kmetijska zemljišča v državni lasti, 
ali zasebne ustanove, druge NVo in podjetja, ki so od-
kupila ali drugače pridobila lastništvo nad okoljsko ali 
naravovarstveno pomembnimi območji (Polman in sod., 
2010).

3.2.2 pregled izvajanja v evropi

skupna kmetijska politika v programskem obdobju 
2014–2020 omogoča zasnovo ukrepov v obliki skupnega 
delovanja (collective action) (evropska komisija, 2014). 
Kljub temu se pogodbe v okviru KoP v večini držav čla-
nic eU trenutno sklepajo individualno (eNRD, 2019). 

Nizozemska je najbolj znana članica eU, ki je pri 
zasnovi kmetijsko-okoljskih ukrepov uporabila skupno 
delovanje s pomočjo organizacij kmetov. sistem, ki ga 
razvijajo že več kot 20 let, trenutno temelji na okrog 40 
registriranih okoljskih zadrugah ali drugih pravnih ose-

bah, ki so jih ustanovili kmetje in so upravičene do sode-
lovanja v KoP (Ministry of economic affairs, 2016). V 
drugih državah se organizacije kmetov kot upravičenke 
v KoP pojavljajo zgolj v redkih primerih ukrepov (npr. 
v Franciji, italijanski deželi Marke in Veliki britaniji). 
V Franciji so za večino KoP vzpostavili prilagojeno za-
snovo skupnega delovanja preko posrednika, ki je ne-
koliko podoben sistemu LeaDeR. Deležniki s pomočjo 
lokalnega koordinatorja pripravijo in na javnih pozivih 
oddajo lokalne kmetijsko-okoljske projekte, ki so nato 
podlaga za izvajanje ukrepov na posameznih območjih. 
Lokalni koordinator, ki je odgovoren za njihovo pripra-
vo, kasneje sodeluje tudi pri komuniciranju in svetovanju 
kmetom (eNRD, 2018, 2019). 

V Švici je zanimiv primer zasnove individualnih po-
godb s skupinskim bonusom, ki je bil vzpostavljen leta 
2001 (Network bonus scheme). Kmetje poleg osnovnega 
plačila, ki ga prejmejo v sistemu okoljskih kompenzacij-
skih plačil, lahko prejmejo dodatno plačilo, če sodelujejo 
v lokalnem projektu mreženja, namenjenem izboljšan-
ju povezljivosti med habitati na območju. Verjetno gre 
za edini primer tega tipa zasnove v evropi (Krämer in 
Wätzold, 2018), čeprav gre glede na način upravljanja 
morda bolj za primer skupnega delovanja. 

Drugi primeri zahtevnejših zasnov kmetijsko-okolj-
skih ukrepov na področju koordinacije ukrepanja se v 
evropi zaenkrat financirajo iz državnih ali lokalnih pro-
računov in v okviru privatnih shem (priloga) (oeCD, 
2013). Vsebinsko ukrepi naslavljajo tako okoljevarstve-

tip zasnove kategorija glavne značilnosti in način sklenitve pogodbe
komunikacijske aktivnosti informiranje in ozaveščanje Financer z upravičenci ne sklene formalnih dogovorov, temveč z 

informiranjem spodbuja izvedbo ukrepov ali pospešuje izmenjavo 
izkušenj med kmeti.

individualne pogodbe individualne pogodbe individualna pogodba med financerjem in upravičencem brez 
obveznosti na področju koordiniranega ukrepanja.

individualne pogodbe s skupin-
skim bonusom

individualna pogodba z možnostjo dodatnega plačila, če upravi-
čenci dosežejo določen skupen cilj.

skupno delovanje skupno delovanje s pomočjo 
posrednika

Zunanja organizacija (NVo, vladna agencija ipd.) prevzame vlogo 
posrednika na lokalnem nivoju in v imenu financerja sklepa po-
godbe z upravičenci in koordinira njihovo delovanje.

skupno delovanje s pomočjo 
skupne organizacije kmetov

Kmetje tvorijo pravno osebo (npr. zadrugo), ki v njihovem imenu 
sklene pogodbo s financerjem in na podlagi dogovorjenih pravil 
koordinira njihovo delovanje.

formalni upravljalec oddaja zemljišč v upravljanje Financer prevzame lastništvo zemljišč na območju in sklepa indi-
vidualne ali skupinske pogodbe z upravičenci tako, da ti z zemljišči 
upravljajo pod določenimi pogoji.

preglednica 2: tipologija kmetijsko-okoljskih ukrepov glede na način sklepanja pogodb in koordinacijo ukrepanja (prirejeno po 
oeCD, 2013; Polman in sod., 2010; Wätzold in Drechsler, 2014)
table 2: typology of agri-environmental measures according to the contracting approach and coordination of actions (based on 
oeCD, 2013; Polman et al., 2010; Wätzold in Drechsler, 2014)
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in socio-ekonomske značilnosti območja. skupno delo-
vanje je smiselno spodbujati, ko razsežnosti okoljskega 
problema presegajo zmožnosti ukrepanja na ravni posa-
meznih kmetijskih gospodarstev in kadar med lokalnimi 
deležniki obstaja interes za skupno reševanje problema. 
Uspešnost te zasnove je namreč močno povezana s ča-
som in sredstvi, ki so jih deležniki pripravljeni in zmožni 
investirati v njegovo vzpostavitev in upravljanje (Prager, 
2015). Več avtorjev izpostavlja tudi pomen lokalnega po-
budnika, ki sproži in kasneje vodi proces povezovanja, 
na območju pa deluje kot motivator in stičišče informacij 
(eNRD, 2018; Rac in sod., 2020).

Za vzpostavitev takšnih shem je potrebno stabilno 
in podporno politično okolje, saj v primeru nenehnega 
spreminjanja razvojnih usmeritev in instrumentov kme-
tijske politike zaupanja med deležniki ni mogoče vzpo-
staviti. Ker je treba vzpostaviti sodelovanje med akterji in 
preseči različne ovire, imajo ti ukrepi na začetku običajno 
višje transakcijske stroške kot v fazi zrelosti, zato so vsaj 
v začetni fazi vzpostavljanja koristni dodatni podporni 
ukrepi, ki takšne stroške nadomestijo (oeCD, 2013).

3.3 CiLJaNJe iN iZboR UPRaViČeNCeV

3.3.1 opredelitev in tipologija zasnov

Kmetijsko-okoljski ukrepi naj bi bili zasnovani čim 
bolj stroškovno učinkovito, kar pomeni, da se okoljski 
cilj skuša doseči s čim manj sredstvi, hkrati pa je razmer-
je med mejno koristjo in mejnimi stroški njihove izvedbe 
čim bolj uravnoteženo. Na ravni posameznih kmetijskih 
gospodarstev to pomeni doseganje okoljskih učinkov z 
minimalnimi stroški, na ravni območij pa, da so okoljski 
cilji doseženi z minimalnimi stroški za kmetijska gospo-
darstva in z optimalno porazdelitvijo okoljskega napora 
med njimi (oeCD, 2010). 

iz slednje zahteve izhaja ključni problem načrtovan-
ja stroškovno učinkovitih KoP, saj se kmetijska gospo-
darstva med seboj razlikujejo tako po vplivu na okolje 
kot tudi po stroških, ki jih imajo z izvajanjem okoljskih 
ukrepov. Nekatera kmetijska gospodarstva imajo na pri-
mer svoja zemljišča neposredno ob vodotokih, zato je 
njihov vpliv na kakovost voda večji kot pri kmetijskih 
gospodarstvih z bolj oddaljenimi zemljišči. Njihov na-
por, ki je potreben za doseganje enakega vpliva na okolje, 
je zato večji, kar je smiselno upoštevati pri razporejanju 
zahtevnosti obvez v različnih ukrepih. Po drugi strani se 
kmetijska gospodarstva razlikujejo tudi v svoji proizvod-
ni in ekonomski strukturi, zato imajo z izvedbo istega 
ukrepa lahko različne stroške. Če torej financer na ob-
močju razpiše ukrep z enakimi obveznostmi in plačilom 
za vsa kmetijska gospodarstva, bo najverjetneje prišlo do 

ne (zlasti varstvo voda) kot tudi naravovarstvene cilje 
(eNRD, 2018; oeCD, 2013; Westerink in sod., 2017).

3.2.3 primerjava in uporabnost različnih tipov

Čeprav individualne pogodbe praviloma ne 
določajo posebnih pravil glede sodelovanja z drugimi 
kmeti, lahko financer tudi s takšno zasnovo do določene 
mere koordinira ukrepanje, in sicer z določitvijo pogojev, 
upravičenih območij in načinom izbora med upravičen-
ci. Ker pa večina odločitev glede vpisa zemljišč ostane v 
rokah posameznih upravičencev, so te možnosti običajno 
omejene (Polman in sod., 2010). okoljske probleme, ki 
zahtevajo koordinirano ukrepanje, je zato z individualni-
mi pogodbami praviloma mogoče rešiti le, če se v ukrep 
vključi veliko število kmetijskih gospodarstev, s čimer se 
na območju doseže kritično mejo površin. Da bi dosegli 
slednje, morajo biti tovrstni ukrepi za kmete še posebej 
atraktivni (Franks in emery, 2013).

skupno delovanje v primerjavi z individualnimi 
pogodbami načeloma omogoča uspešnejšo koordinacijo 
ukrepanja na ravni problemskega območja, zato se lahko 
s takšnim pristopom doseže tudi kompleksnejše okoljske 
cilje (Leventon in sod., 2017). Na strani upravičencev in 
financerja se lahko zmanjša administrativno breme in 
transakcijski stroški, saj posredniške ali skupne organiza-
cije kmetov združujejo določene naloge, povezane s so-
delovanjem in upravljanjem (Prager, 2015). Poleg tega je 
lahko zaradi ekonomije obsega skupni prehod na okolj-
sko sprejemljivejše kmetijske prakse stroškovno učinko-
vitejši kot individualne naložbe (oeCD, 2013). 

skupno delovanje praviloma spodbudi izmenja-
vo znanja in sodelovanje med kmeti, s čimer se poveča 
socialni kapital skupnosti, pospeši nastajanje inovacij 
in izboljša pogajalski položaj in sodelovanje kmetov ter 
drugih deležnikov pri snovanju ukrepov (Westerink in 
sod., 2017). V tovrstnih sistemih se praviloma vzposta-
vi intenzivnejši dialog med kmeti in drugimi deležniki, 
s čimer se poveča možnost za dosego soglasja o skupnih 
ciljih in oblikovanje lokalnim razmeram bolje prilagoje-
nih ukrepov (eNRD, 2018). Kljub številnim oviram za 
sodelovanje (Riley in sod., 2018) raziskave kažejo, da so 
kmetje načeloma pripravljeni na skupno delovanje, če je 
to zasnovano na preprost način (McKenzie in sod., 2013). 
takšna zasnova pa verjetno najbolje deluje pod pogojem, 
da je formiranje skupnih organizacij kmetov tudi pogoj 
za sodelovanje v ukrepu (Franks in emery, 2013).

Vzpostavitev skupnega delovanja v kmetijsko-
-okoljskih ukrepih je zahteven proces, ki glede na ob-
stoječe izkušnje za uveljavitev potrebuje več let (Mills in 
sod., 2011; Westerink in sod., 2017). Pred izbiro takšne 
zasnove je zato treba dobro raziskati okoljski problem 
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nepotrebne obremenitve kmetij z majhnim vplivom na 
okolje in preplačila tistih, ki imajo nizke stroške z izva-
janjem ukrepa. Po drugi strani kmetijska gospodarstva 
z okoljsko najbolj problematičnimi zemljišči in višjimi 
stroški v ukrepu najverjetneje sploh ne bodo sodelovala, 
saj zanje ne bo dovolj privlačen (oeCD, 2010).

V procesu snovanja kmetijsko-okoljskih ukrepov je 
zato treba nasloviti prostorsko in ekonomsko heteroge-
nost kmetijskih gospodarstev, kar je še posebej zahtevno, 
ker med financerjem in upravičenci obstaja informacij-
ska asimetrija. Financer namreč običajno pri odločanju 
nima tako podrobnih podatkov o posameznem kmetij-
skem gospodarstvu kot lastnik, ki je o stanju svoje kme-
tije in stroških, povezanih z njenim upravljanjem, pra-
viloma bolje informiran. Določene informacije so tako 
financerju skrite, zato lahko pri izboru upravičencev pri-
de do napačne izbire (adverse selection), saj se bodo za 
sodelovanje odločala predvsem kmetijska gospodarstva, 
pri katerih se obveznosti v ukrepu ne razlikujejo bistveno 
od njihovega obstoječega načina pridelave in imajo torej 
z ukrepom nizke stroške (Latacz-Lohmann in schilizzi, 
2005). to z vidika doseganja okoljskih ciljev ni zaželjeno, 
saj takšen ukrep nima veliko dodatnosti (additionality), 
tj. primerljive učinke bi lahko dosegli tudi brez ukrepanja 
(Fao, 2011).

Pri snovanju kmetijsko-okoljskih ukrepov se kot 
odgovor na problem heterogenosti kmetijskih gospo-
darstev uporablja različne načine ciljanja (targeting) 
in izbora upravičencev (enrolment screening). s tem se 
opredeli območja, kmetijska gospodarstva ali zemljišča, 

ki so pomembni za doseganje okoljskega cilja, in nato 
diferencira zahtevnost obveznosti in višino plačil glede 
na njihove značilnosti. Financer lahko to naredi z zbira-
njem podrobnih podatkov o stanju okolja na območju in 
ekonomiki posameznih kmetijskih gospodarstev, vendar 
je to povezano z dodatnimi stroški. Druga možnost je 
vzpostavitev mehanizmov, s katerimi se kmete spodbudi, 
da ob vpisu v ukrep tovrstne informacije razkrijejo sami 
(preglednica 3) (oeCD, 2010).

Prostorsko ciljanje (spatial targeting) izvajanje ukre-
pov usmerja na najbolj ranljiva ali pa na najbolj primerna 
območja in zemljišča, s čimer naj bi se doseglo čim boljše 
razmerje med okoljskimi učinki in stroški (Uthes in sod., 
2010). Ciljanje lahko temelji na opredelitvi posebnih ge-
ografskih območij ali naravnih značilnosti (npr. npr. za-
varovana območja, visokogorski, visokogorski pašniki ali 
povodje vodotoka), strukturnih značilnosti kmetijskih 
gospodarstev ali tipov pridelave (structural targeting) 
(npr. ekološko kmetovanje, prašičjereja ali trajni nasadi 
na terasiranih pobočjih) ali reševanju drugih specifičnih 
potreb, ki jih je mogoče prostorsko dobro opredeliti (npr. 
območje pojavljanja ogrožene vrste) (evropska komisija, 
2014; oeCD, 2015). Poleg prostorske omejitve ukrepanja 
se lahko pri ciljanju upoštevajo tudi pričakovani stroški 
izpolnjevanja obveznosti. Namesto enotnega plačila na 
vseh ciljnih območjih se tako lahko uvede heterogena 
plačila, ki upoštevajo razlike v razmerah na posameznih 
območjih ali med njimi (Wätzold in Drechsler, 2005).

Financer lahko okoljsko prioritetnost in stroške iz-
vajanja ukrepov na posameznih zemljiščih pridobi tudi 

tip zasnove kategorija glavne značilnosti
shema s splošnim vpisom splošni vpis upravičencev Ukrep se izvaja na širokem ali celotnem območju delovanja 

financerja. Postopek izbora upravičencev ni predviden, lahko pa je 
posredno vključen z opredelitvijo obveznosti v ukrepu.

prostorsko ciljanje pričakovani okoljski učinki opredelijo se prioritetna območja, na katerih je mogoče sodelovati 
v ukrepu, ali tipi kmetijskih gospodarstev, za katere se pričakuje, 
da lahko močno prispevajo k uresničitvi okoljskega cilja. Plačilo je 
enotno za vse upravičence.

pričakovani stroški izpolnjevanja 
obveznosti

opredelijo se upravičena območja ali tipi kmetijskih gospodarstev. 
Pri izračunu višine plačil se upošteva različnost razmer na ali med 
posameznimi območji ali skupinami kmetijskih gospodarstev, zato 
so plačila heterogena.

sistem izbora med upravi-
čenci

vsebinski izbor Zainteresirani upravičenci podajo ponudbe (npr. okoljske progra-
me za kmetijsko gospodarstvo ali območje), ki jih financer presodi 
na podlagi vsebinskih kriterijev. izbere se ponudbe, ki dosežejo 
minimalno število točk ali po vrsti do porabe sredstev.

okoljske dražbe Zainteresirani upravičenci oddajo ponudbe, ki vključujejo tudi po-
nudbeno ceno. Financer izbere najbolj ugodne ponudnike glede na 
razmerje med okoljskim učinkom in ceno.

preglednica 3: tipologija kmetijsko-okoljskih ukrepov glede na način ciljanja in izbora upravičencev
table 3: typology of agri-environmental measures according to the targeting approach and enrolment screening
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neposredno od kmetijskih gospodarstev s pomočjo iz-
bora ponudb upravičencev. V tem primeru zainteresi-
rani upravičenci na dogovorjen način oddajo ponudbe, 
med katerimi nato financer izbira glede na razpoložljiva 
sredstva. Če izbor temelji zgolj na vsebinskih oziroma 
okoljskih kriterijih (performance-based screening), so za 
financiranje izbrane ponudbe, ki presežejo določen prag 
kakovosti (npr. število točk), ali pa se glede na rezultate 
ocenjevanja oblikuje lista upravičencev, ki so izbrani po 
vrsti do porabe sredstev (oeCD, 2010).

Druga možnost je uvedba okoljske ali naravovar-
stvene dražbe (environmental ali conservation auction), 
na kateri se pri izboru najbolj ugodnih ponudnikov poleg 
okoljskih učinkov upošteva tudi ponudbeno ceno. Upra-
vičenec mora zato pri oddaji ponudbe tehtati med višino 
prejetega plačila in verjetnostjo izbora, saj se v primeru 
previsoke ponudbene cene lahko zgodi, da izpade iz fi-
nanciranja (Uthes in Matzdorf, 2013). okoljske dražbe 
so lahko zasnovane kot razlikovalne zaprte dražbe (di-
scriminatory sealed-bid auction), na katerih so izbrani 
najbolj ugodni ponudniki, ki prejmejo plačilo v skladu s 
svojo podano ponudbo. Druga možnost so zaprte draž-
be z enotno ceno (uniform-price sealed-bid auction), ki 
potekajo tako, da vsi izbrani ponudniki prejmejo enotno 
plačilo, ki je enako bodisi najnižji izbrani bodisi najvišji 
zavrnjeni ponudbeni ceni (Latacz-Lohmann in schilizzi, 
2005). 

Pri zasnovi okoljskih dražb so pomembne tudi dru-
ge značilnosti. Dražba ima lahko vnaprej omejen obseg 
sredstev, ki so na voljo za ukrep (budget-constrained auc-
tion), ali pa se ponudnike izbira dokler se ne doseže do-
ločen okoljski cilj ali ciljna vrednost (target-constrained 
auction). Financer se mora tudi odločiti, ali bo opredelil 
»pridržano ceno« (reserved price), ki jo razumemo kot 
najvišjo možno plačilo na enoto okoljskega učinka ali na 
površino, ki jo je pripravljen plačati, in ali bo to infor-
macijo razkril pred oddajo ponudb (Latacz-Lohmann 
in schilizzi, 2005). Vse omenjene značilnosti vplivajo na 
vedenje ponudnikov, zato je treba pravila dražbe prilago-
diti posameznemu okoljskemu problemu in družbenem 
okolju.

3.3.2 pregled izvajanja v evropi

V državah članicah eU so različne oblike ciljanja 
ukrepov uveljavljen pristop k snovanju kmetijsko-okolj-
skih ukrepov (Uthes in Matzdorf, 2013). Poglobljenih 
vrednotenj in raziskav na tem področju ni, je pa evrop-
ska mreža za podeželje (eNRD, 2019) v preliminarnem 
pregledu izvajanja KoP v programskem obdobju 2014–
2020 ocenila, da najbolj ciljane ukrepe izvajajo v petih 
državah članicah (estonija, Francija, irska, Nizozemska 

in Velika britanija). enajst držav članic je uporabilo pred-
vsem različne oblike posrednega ciljanja (npr. s pomočjo 
opredelitve prioritetnih območij), medtem ko so za deset 
držav članic, vključno s slovenijo, ocenili majhno ciljnost 
ukrepov, saj se ti praviloma izvajajo na območju celotne-
ga ozemlja države. Ciljanje so države običajno izvedle 
z opredelitvijo ciljnih območij za reševanje specifičnih 
okoljskih problemov, geografskih območij izvajanja in 
upravičenih tipov kmetijskih gospodarstev. 

Države članice morajo razlike med posameznimi 
območji in proizvodnimi praksami upoštevati tudi v iz-
računih višine plačil za ukrepe ali v nasprotnem prime-
ru utemeljiti, zakaj to ni potrebno (evropska komisija, 
2014), vendar pregled, v kolikšni meri in na kakšen način 
države v izračunih upoštevajo pričakovane stroške izpol-
njevanja obveznosti, ni na voljo.

Nekatere države članice eU so vzpostavile določene 
kriterije za izbor upravičencev, ki so najpogosteje veza-
ni na območja Natura 2000 in območja, ki so v skladu 
z okvirno vodno direktivo opredeljena kot občutljiva 
zaradi onesnaževanja z nitrati (eNRD, 2019). Na Malti 
imajo tako pri izboru upravičencev prednost tisti kmetje, 
ki se nahajajo na območjih Natura 2000, ki se prijavijo 
kot skupina kmetov in ki jih potrdi organizacija, ki je 
na lokalni ravni odgovorna za doseganje okoljskih ciljev 
problemskega območja. Podobno poteka tudi v nekaterih 
italijanskih deželah, na Portugalskem pa imajo prednost 
kmetje, ki se udeležijo usposabljanj. V nekaterih drugih 
državah se izbor upravičencev s tovrstnimi kriteriji akti-
vira le v primeru, da pride do pomanjkanja sredstev (Ci-
per, Francija, Grčija in nekatere italijanske dežele).

Uporaba okoljskih dražb v kmetijsko-okoljskih 
ukrepih je v evropskem prostoru razmeroma redka. she-
me, ki vključujejo veliko število površin in upravičencev, 
se izvajajo samo v ZDa (Conservation Reserve Program) 
in avstraliji, medtem ko je v evropi uporaba dražb ome-
jena na manjše programe in pilotne sheme v Nemčiji, Ve-
liki britaniji in na Finskem (iho in sod., 2014; Lundberg 
in sod., 2018; Rolfe in sod., 2017).

3.3.3 primerjava in uporabnost različnih tipov

Prostorsko ciljanje in izbor upravičencev je v okviru 
kmetijsko-okoljskih ukrepov smiselno uporabiti, ko ob-
staja opazna heterogenost med območji ali med upravi-
čenci v smislu njihovega vpliva na okolje in stroškov z 
izvajanjem ukrepov (Fao, 2011). V takšnih primerih so 
tovrstne zasnove lahko bolj stroškovno učinkovite, poleg 
tega imajo ukrepi z enotnimi plačili lahko tudi bistveno 
manjše okoljske učinke (armsworth in sod., 2012). 

Po drugi strani več avtorjev opozarja na problem 
transakcijskih stroškov, saj so za izvajanje zahtevnejših 
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zasnov običajno potrebne podrobnejše podatkovne zbir-
ke in s tem povezani dodatni stroški za administracijo 
ukrepa (Palm-Forster in sod., 2016; Uthes in sod., 2010). 
Prevelika diferenciacija med kmetijskimi gospodarstvi 
lahko povzroči tudi negativen odziv upravičencev, saj 
okoljsko uspešnejša gospodarstva v takšnem sistemu 
lahko prejemajo nižja plačila (Uthes in Matzdorf, 2013). 
Vpeljava ciljanja ali sistema izbora običajno do določene 
mere spremeni porazdelitev sredstev med prejemniki, 
kar lahko povzroči trenja med deležniki (Uthes in sod., 
2010). Problematična pa je lahko tudi preveč toga opre-
delitev upravičenih območij, še posebej če so v ozadju 
premalo natančni podatki ali zbirke z veliko napakami 
(Uthes in Matzdorf, 2013).

izbor med upravičenci je smiselno uporabiti ta-
krat, ko zanimanje upravičencev za sodelovanje v ukre-
pu presega razpoložljiva sredstva, kar še posebej velja 
za okoljske dražbe (oeCD, 2010). Prednosti dražbe v 
primerjavi z ukrepi z enotnim plačilom so, da bolje na-
slavljajo problem informacijske asimetrije, saj kmetje ob 
oddaji ponudbe predlagajo tudi višino plačila, za katero 
ocenjujejo, da je ustrezna za njihovo kmetijo, seveda pod 
pogojem, da je dražba ustrezno zasnovana. Prav tako so 
bolj stroškovno učinkovite, ker z omogočanjem kon-
kurence ponudnike spodbujajo, da ponudijo ceno, ki je 
bližje njihovim oportunitetnim stroškom, zato se zmanj-
ša izguba sredstev. Prednost dražb je lahko tudi v njihovi 
večji družbeni sprejemljivosti, saj sredstva dobijo najbolj 
ugodni ponudniki (Latacz-Lohmann in schilizzi, 2005). 

burton in schwarz (2013) omenjata, da bi okoljske 
dražbe v rezultatskih shemah lahko uspešno naslovile 
problem izračuna plačil. Kljub usmerjenosti rezultatskih 
shem v nagrajevanje rezultatov namreč ta večinoma še 
vedno temelji na standardiziranem pristopu ocene višjih 
stroškov oziroma nižjih prihodkov zaradi izvedbe nad-
standardnih kmetijskih praks. KoP so namreč v skladu z 
leta 1994 sprejetim sporazumom o kmetijstvu svetovne 
trgovinske organizacije (Wto) uvrščena v t.i. zeleno ška-
tlo (green box) kmetijskih podpor, za katere velja, da naj 
bi povzročale minimalno izkrivljanje mednarodnih trgov 
(Huige idr. 2010). omenjeni sporazum okoljska plačila 
opredeljuje kot nadomestilo za dodatne stroške in izpad 
dohodka, ki nastanejo zaradi vključitve proizvajalcev v 
državne okoljske ali naravovarstvene programe. to na-
čelo je zato v okviru sKP osnova za izračun KoP, ki po 
trenutno veljavni zakonodaji lahko vključujejo nadome-
stilo za dodatne stroške, izpad dohodka in transakcijske 
stroške, ki so povezani z izvajanjem in sodelovanjem v 
ukrepu, v določenih primerih pa tudi oportunitetne stro-
ške (evropska komisija 2014).

okoljske dražbe načeloma niso primerne za okolj-
ske probleme, ki se pojavljajo na majhnih območjih, saj 
je ključno, da se zagotovi zadostno število ponudb in po-

sledična konkurenca. slabost okoljskih dražb je strateško 
vedenje ponudnikov, saj se kmetijsko-okoljske pogodbe 
tipično sklepajo za obdobje nekaj let. Dražbe je zato treba 
ponavljati, s čimer imajo kmetje možnost, da se učijo iz 
izkušenj s predhodnimi krogi in ustrezno prilagajajo svo-
je ponudbe. s tem se zmanjšuje stroškovna učinkovitost 
sheme, zato naj financer ne bi razkrival podatkov o po-
nujenih zneskih ter številu oddanih in izbranih ponudb, 
prav tako je smiselno v vsakem krogu nekoliko spreme-
niti pravila, s čimer se ohranja negotovost pri ponudnikih 
(oeCD, 2010). Pomembne so tudi strukturne razlike, saj 
so bili v pilotni dražbi na Finskem za sodelovanje bolj 
zainteresirani profesionalni kmetje iz večjih kmetijskih 
gospodarstev, manj pa starejši in manj izobraženi kmetje 
(Grammatikopoulou in sod., 2012).

4 sKlepI In prIporoČIlA ZA prIHod-
nJo KMetIJsKo-oKolJsKo polItIKo

4.1 sNoVaNJe KMetiJsKo-oKoLJsKiH UKRe-
PoV iN DeJaVNiKi UsPeHa

Uveljavljanje strateškega načrtovanja skupne kme-
tijske politike po letu 2021 v državah članicah eU vklju-
čuje tudi pripravo celovitega načrta ukrepanja na pod-
ročju varstva okolja in narave in zahteva nov razmislek o 
vsebini in zasnovi kmetijsko-okoljskih ukrepov (evrop-
ska komisija, 2018). Načrtovanje KoP je zahteven proces, 
v katerem je treba hkrati naslavljati različne okoljske cilje 
in upoštevati heterogenost naravnih, ekonomskih in so-
cialnih razmer po območjih in kmetijskih gospodarstvih.

Kmetijsko-okoljske ukrepe je smiselno oblikovati, 
ko doseganje okoljskih ciljev zahteva prilagoditev kme-
tijskih praks v obsegu, ki presega osnovne okoljske stan-
darde, in ko (višji) stroški, ki so povezani z določenim 
načinom kmetovanja, niso ustrezno ovrednoteni na trgu. 
Ključni kriteriji pri izboru ustrezne zasnove ukrepa vkl-
jučujejo (Herzon in sod., 2018; oeCD, 2010):

•	 okoljsko uspešnost (zmožnost ukrepa, da bo 
dosegel zastavljene cilje), 

•	 stroškovno učinkovitost (razmerje med kori-
stjo in stroški ukrepa), 

•	 kapacitete institucij, podatkovna podprtost 
in obseg transakcijskih stroškov, povezanih z 
upravljanjem ukrepa,

•	 informiranost in usposobljenost upravičencev,
•	 posredne koristi in stroške ukrepanja na druge 

cilje kmetijske in okoljske politike in 
•	 pravičnost v smislu poštene porazdelitve kori-

sti in stroškov med proizvajalci, potrošniki in 
davkoplačevalci.

V zadnjih dveh desetletjih so države oeCD testirale 
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različne zasnove ukrepov, s katerimi so skušali izboljšati 
njihovo stroškovno učinkovitost in uspešnost pri dose-
ganju ciljev. V prispevku smo na podlagi pregleda litera-
ture in analize izbranih primerov ukrepov, ki se izvajajo 
v evropi, razvili tipologijo kmetijsko-okoljskih ukrepov 
in analizirali njihove značilnosti, ki jih v zgoščeni obliki 
predstavljamo v Preglednici 4. to omogoča sistematičen 
pregled možnosti, ki so na voljo, in pripravo priporočil za 
načrtovanje prihodnje kmetijsko-okoljske politike.

Kmetijsko-okoljski ukrepi, ki se trenutno izvajajo v 
evropi, so zelo raznoliki. Na podlagi pregleda literature 
in analize primerov v tem prispevku ocenjujemo, da je 
uspešnost ukrepa odvisna predvsem od izbora ustrezne 
zasnove in prilagojenosti lokalnemu okolju (Plieninger in 
sod., 2012). Po drugi strani analize kmetijsko-okoljskih 
ukrepov, še posebej tistih s kompleksnejšimi zasnovami, 
kažejo, da imajo uspešni ukrepi nekatere skupne značil-
nosti, ki so se postopoma oblikovale. te so primerljive ne 
glede na izbrani tip zasnove, zato jih je mogoče posplošiti 
v ključne dejavnike uspešnosti kmetijsko-okoljskih ukre-
pov (Herzon in sod., 2018; Meyer in sod., 2015; o’Rour-
ke in Finn, 2020; Westerink in sod., 2017; Zilans in sod., 
2019):

•	 Dobra raziskanost in poglobljeno razumevanje 
okoljskega problema: Uspešni ukrepi se običaj-
no razvijejo na območjih z dobro raziskanim 
ekološkim ali okoljskim ozadjem problema in 
poglobljenim razumevanjem družbenih značil-
nosti lokalnega okolja.

•	 Kmet v središču načrtovanja: Končni upravi-
čenec je v uspešnih ukrepih manj administra-
tivno obremenjen, ima več možnosti odločanja 

glede načina izvedbe in bolje razume sistem in 
pomen ukrepanja.

•	 Zaupanje med deležniki in decentralizacija od-
ločanja: Za vzpostavitev ukrepov je potrebno 
zaupanje med ključnimi deležniki in njihova 
vključitev v odločanje. V prvi vrsti gre za za-
upanje med financerjem in kmeti, pomembno 
pa je tudi sodelovanje med kmeti in med raz-
ličnimi deležniki, ki so vključeni v zasnovo in 
upravljanje ukrepa.

•	 Vključitev lokalnih in drugih deležnikov v na-
črtovanje in upravljanje: Pobudniki inovativnih 
ukrepov so pogosto zunanji deležniki, ki imajo 
dolgoročen interes za rešitev problema in kapa-
citete za sodelovanje pri upravljanju ukrepa.

•	 Prilagodljivo upravljanje in stabilna podpo-
ra politike: Kompleksni in uspešni kmetij-
sko-okoljski ukrepi nastajajo več desetletij, 
zato je potrebna dolgoročna podpora politike. 
Prepoznamo jo v strateških podpornih ukre-
pih, kot je spodbujanje ciljnih raziskav, pilotnih 
preizkusov in delovanja lokalnih organizacij, 
in vzpostavitvi odprtega okolja za preizkušanje 
novih rešitev in nadgradnjo ukrepov s pridobl-
jenimi izkušnjami.

4.2 PRiPoRoČiLa Za PRiHoDNJe RaZisKaVe

Večina ukrepov z zahtevnejšimi zasnovami trenut-
no poteka v gospodarsko razvitejših državah v severnem 
in zahodnem delu evrope (eNRD, 2019; Herzon in sod., 
2018). tu se pogosto izvajajo na območjih z razmeroma 

Rezultatske in mešane sheme skupno delovanje sistem izbora med upravičenci
•	 potrebno je nadaljnje ohranjanje 

ugodnega stanja območja (kmetje 
imajo izkušnje s primernimi kmeti-
jskimi praksami),

•	 mogoče je natančno opredeliti 
okoljske cilje in izbrati enostavno 
merljive kazalnike,

•	 med deležniki je mogoče vzpostaviti 
dovolj zaupanja, da je odločanje o 
izvedbi ukrepov lahko deloma 
prepuščeno kmetom, 

•	 kmetje so pripravljeni sprejeti del 
tveganja za doseganje rezultatov.

•	 za uspešno naslavljanje 
okoljskega problema je potreb-
no koordinirano delovanje 
večjega števila kmetov,

•	 lokalni deležniki imajo interes 
in kapacitete za skupno 
reševanje problema in se strin-
jajo, da je to najbolj primeren 
pristop, 

•	 obstaja dolgoročno stabilno in 
podporno politično okolje, ki 
omogoča vzpostavitev povezav 
in zaupanja med akterji.

•	 upravičenci se med seboj opazno razlikujejo 
po vplivu na okolje in stroških, ki jih imajo z 
izvajanjem ukrepa,

•	 interes za sodelovanje je večji od 
razpoložljivih sredstev,

•	 območje in število interesentov je dovolj ve-
liko za nastanek konkurence med ponudniki,

•	 financer težko pridobi podatke o 
upravičencih, zato je podrobno načrtovanje 
ukrepov povezano z velikimi stroški,

•	 obstaja politična podpora izbiranju med 
upravičenci (plačila ne dobijo vsi, temveč 
samo tisti, ki najbolje izpolnjujejo kriterije).

preglednica 4: Uporabnost izbranih tipov kmetijsko-okoljskih ukrepov
table 4: applicability of the selected types of agri-environmental measures
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razvitim kmetijstvom in v politično-ekonomskem okol-
ju, kjer so varstvo okolja in narave pomembne družbene 
teme, zato obstaja tudi politična volja in nenehno priza-
devanje za izboljšanje javnih politik na tem področju. 
Kljub prednostim novih zasnov KoP zato ostaja odprto 
vprašanje, ali bodo zasnove, ki temeljijo na rezultatskem 
pristopu, skupnem delovanju ali zahtevnejših sistemih 
izbora upravičencev, uspešne tudi v državah vzhodne in 
južne evrope, vključno s slovenijo (Herzon in sod., 2018; 
Vesterager in sod., 2016). Za številna območja v tej regi-
ji so namreč značilne specifične razmere, ki vključujejo 
razdrobljeno zemljiško strukturo, majhna, ostarela in 
polprofesionalna kmetijska gospodarstva, slabo raziska-
nost okoljske problematike ter neizkušenost in pomanj-
kanje kapacitet ključnih deležnikov za zahtevnejše oblike 
kmetijsko-okoljskih ukrepov (Gorton in sod., 2009; sut-
cliffe in sod., 2015).

Uspešnost reševanja okoljskih ukrepov v kmetijskih 
ekosistemih je močno odvisna od usklajenega delovanja 
različnih deležnikov. spreminjanje vzorcev sodelovanja 
med kmetijskimi gospodarstvi in med drugimi akterji 
na podeželju je kompleksen proces, ki se v evropi dogaja 
že več desetletij (Riley in sod., 2018). Kmetijsko-okolj-
ski ukrepi in drugi instrumenti kmetijske politike, ki se 
praviloma izvajajo v obliki individualnih pogodb, teh 
trendov do sedaj večinoma niso posebej naslavljali in 
izolirano delovanje kmetijskih gospodarstev verjetno še 
dodatno spodbujajo. Prihodnje raziskave in preizkušanje 
ukrepov bi zato moralo bolje nasloviti ključne ovire za 
sodelovanje, preizkušanje podpornih instrumentov in 
spodbujanje lokalnih organizacij, ki bi bile pooblaščene 
za koordinacijo akterjev (Leventon in sod., 2017).

Ugodno podporno institucionalno okolje, v ka-
terem poteka odločanje in načrtovanje KoP, je ključen 
predpogoj za razvoj bolj uspešnih ukrepov, vendar je to 
področje relativno slabo raziskano (Uthes in sod., 2010). 
Uvajanje bolj ciljnih in rezultatsko usmerjenih ukrepov 
bo verjetno zahtevalo večjo prerazdelitev sredstev, ki se 
upravičencem dodeljujejo v okviru obstoječih KoP. Na-
črtovanje kmetijsko-okoljske politike v praksi ne temelji 
samo na doseganju okoljskih ciljev, temveč je odvisno 
tudi od bolj prikritih ciljev reševanja dohodkovnega 
vprašanja kmetijstva, ki je vzvod za ves javni interven-
cionizem na tem področju (egdell, 2000; McCarthy in 
sod., 2018). ti zmanjšujejo uspešnost kmetijsko-okolj-
skih ukrepov in tudi uporabo zahtevnejših mehanizmov 
podpore, kot so rezultatski ukrepi in skupno delovanje 
(Zilans in sod., 2019). Večje učinkovitosti in uresniče-
vanja ciljev varstva okolja in narave zato ni mogoče do-
seči brez sprememb preferenc in vrednotenja okoljskih 
ciljev s strani neposrednih uporabnikov ukrepov – kme-
tijskih gospodarstev. splošno razumevanje in sprejeman-
je okoljskih ciljev s strani kmetov, njihovih organizacij in 

celotnega kmetijskega institucionalnega sistema je zato 
po mnenju avtorjev nujen predpogoj za uveljavitev bolj 
ciljne in uspešnejše kmetijske-okoljske politike.

4.3 UPoRaba iN PRiMeRNost RaZLiČNiH Zas-
NoV UKRePoV V sLoVeNiJi

V okviru nekaterih projektov so v zadnjih letih v 
sloveniji potekali pilotni poskusi mešanih in rezultatskih 
shem (Žvikart in Debeljak, 2019). V raziskavi na dveh 
projektnih območjih v sloveniji (Haloze in Kras) bi re-
zultatsko ali mešano zasnovo ukrepa za ekstenzivno rabo 
suhih travišč izbralo 78 % potencialnih upravičencev, ob-
stoječa zasnova ukrepa Posebni traviščni habitati (Hab) 
pa je ustrezala preferencam zgolj vsakega sedmega (15 %) 
anketiranega kmeta (Šumrada in sod., 2020c). V priho-
dnjem programskem obdobju bi bilo zato verjetno smi-
selno preizkusiti nekatere ukrepe z mešano ali rezultat-
sko zasnovo, pri čemer bi bili ti verjetno najbolj primerni 
na področju ohranjanja naravovarstveno pomembnega 
travinja in določenih ogroženih vrst (Šumrada in sod., 
2020c). Pri tem je v upravljanje ukrepa smiselno močneje 
vključiti tudi lokalne organizacije, kot so upravljavci za-
varovanih območij, kmetijska svetovalna služba, lokalne 
akcijske skupine ter zainteresirane kmetijske in okoljske 
nevladne organizacije (o’Rourke in Finn, 2020; Rac in 
sod., 2020; schomers in sod., 2015).

Na področju kmetijsko-okoljskih ukrepov v slove-
niji trenutno nimamo veliko izkušenj s koordiniranim 
in skupnim delovanjem upravičencev, čeprav v okviru 
nekaterih operacij lahko sodeluje več kmetijskih gospo-
darstev (npr. Planinska paša) (MKGP, 2017). Problem 
sodelovanja med kmetijskimi gospodarstvi na različnih 
področjih je bil v sloveniji že večkrat izpostavljen (er-
javec in sod., 2018), vendar so razlogi za odklanjanje 
kmetov za sodelovanje, še posebej na področju sodelova-
nja v okoljskih ukrepih, slabo raziskani (slovenc, 2019). 
Čeprav tovrstnih ukrepov zato na širših območjih še ni 
smotrno uvajati, pa potrebe po bolj koordiniranem pri-
stopu k reševanju okoljskih problemov obstajajo in so bili 
kot izziv izpostavljeni tako s strani odločevalcev kot de-
ležnikov (erjavec in sod., 2018). Na manjših območjih bi 
bilo zato smiselno raziskati in preizkusiti pripravljenost 
za večje sodelovanje med akterji, kar bi v začetku lahko 
potekalo predvsem na ravni pilotskih projektov.

slovenija je v preteklosti že poskušala izboljšati pro-
storsko ciljnost nekaterih kmetijsko-okoljskih ukrepov z 
opredelitvijo upravičenih območij in diferenciacijo pla-
čil, in sicer predvsem na področju ohranjanja ekstenziv-
ne rabe travinja (MKGP, 2017). evalvacija izvajanja teh 
ukrepov kaže, da to ni bilo dovolj uspešno (Kaligarič in 
sod., 2019). V obdobju 2014–2020 so bile sicer pripra-
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vljene podrobnejše prostorske podlage, vendar prostor-
sko ciljanje ostaja šibkost obstoječih kmetijsko-okoljskih 
ukrepov v sloveniji. to potrjuje tudi primerjalna analiza 
z drugimi državami članicami eU (eNRD, 2019). ob 
upoštevanju pritiska po porabi sredstev kmetijske politi-
ke za druge namene bi bilo prostorsko ciljanje smiselno 
uvesti tudi pri ukrepih na drugih tipih rabe tal (njivske 
površine in trajni nasadi). s tem bi se verjetno izboljšala 
njihova rezultatska naravnanost. Na področju naravo-
varstvenih ukrepov je po drugi strani treba odpraviti ne-
skladja med prostorskimi sloji, na katerih so opredeljene 
upravičene površine, in dejanskim stanjem v naravi (Ka-
ligarič in sod., 2019). to je mogoče bodisi z izboljšanjem 
podatkovnih zbirk bodisi z razmislekom o alternativnih 
pristopih k določitvi površin.

Z izvajanjem izbora upravičencev z vsebinskim iz-
borom med programi aktivnosti ali okoljskimi dražbami 
v okviru slovenske kmetijsko-okoljske politike v slove-
niji še nimamo izkušenj, pojavljajo se šele prve raziskave 
možnosti (Juvančič in sod., 2018). Gre za precej zahtevne 
tipe zasnov, ki verjetno presegajo trenutne potrebe in ka-
pacitete. Poleg tega struktura kmetijstva z majhnimi in 
razdrobljenimi kmetijskimi gospodarstvi in s pretežno 
ostarelo in manj izobraženo delovno silo (erjavec in sod., 
2018) verjetno ne omogoča ustreznih razmer, da bi tovr-
stni ukrepi lahko dosegli kritično maso in domet upora-
be (Grammatikopoulou in sod., 2012; Latacz-Lohmann 
in schilizzi, 2005). 

Zaključujemo z oceno, da v sloveniji obstaja še 
precej možnosti za izboljšanje uspešnosti kmetijsko-
-okoljskih ukrepov (Kaligarič in sod., 2019; slabe-erker 
in sod., 2017; Šumrada in sod., 2020a, 2020b), vključno 
s smiselnimi nadgradnjami obstoječe zasnove shem s 
predpisanimi praksami. Podobno kot druge nove države 
članice eU tudi slovenija na področju snovanja rezultat-
sko naravnanih in prostorsko ciljnih ukrepov trenutno 
še precej zaostaja v primerjavi s severnim in zahodnim 
delom evrope (Herzon in sod., 2018). V okviru kmetij-
ske politike je zato smiselno nadaljevati s pilotnimi po-
skusi in raziskavami, ki so se na projektni ravni pričeli 
v zadnjih letih. eden od ključnih izzivov pri njihovem 
uvajanju pa bo tudi razvoj podpornega institucionalne-
ga okolja, ki je močno odvisen od okrepitve zavedanja in 
sprejemljivosti vprašanj varstva narave in okolja pri vseh 
deležnikih, vključenih v slovensko kmetijsko politiko.

5 ZAHVALE

Prispevek je nastal v okviru Ciljnega raziskovalne-
ga projekta (CRP V4-1814) analitične podpore za večjo 
učinkovitost in ciljnost kmetijske politike do okolja in 
narave v sloveniji in programa ekonomika agroživilstva 

in naravnih virov (P4-0022) s finančno podporo Jav-
ne agencije za raziskovalno dejavnost in Ministrstva za 
kmetijstvo, gozdarstvo in prehrano.
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Zasnove kmetijsko-okoljskih ukrepov in njihove značilnosti
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An updated data on the bionomics of pomegranate fruit bor-
er, Deudorix epijarbas (Moore, 1858) (lepidoptera: lycaeni-
dae), infesting pomegranates in Kashmir

Abstract: Pomegranate fruit borer, Deudorix epijarbas 
(Moore, 1858) (Lepidoptera: Lycaenidae) is a destructive pest 
of pomegranate affecting the quality as well as quantity of its 
fruits. The pest and its other allied species are nuisance to 
pomegranate cultivation throughout india, particularly in hilly 
state of Jammu & Kashmir. The aim of present investigation was 
to study the bionomics of pomegranate fruit borer in labora-
tory, which included the studies on its morphometry and ex-
tent of different developmental stages in the life cycle of pest, 
for developing a sound management plan against it. The results 
revealed that the eggs are laid by females singly on fruits, stalks, 
leaves and flower buds. on hatching, emerging larva bores in to 
fruits and feed on its pulp thus rendering them unfit for trade. 
The pest passed through five larval instars of different duration 
and the total larval period was 32.20 ± 1.87 (sD) days. The lar-
val stage was followed by pupal stage which lasted for 9.50 ± 
1.84 (sD) days. Furthermore, the longevity of adult male and 
female butterflies was recorded as 9.20 ± 1.73 (sD) and 13.20 ± 
1.43 (sD) days respectively. The study thus provides informa-
tion necessary for development and implementation of differ-
ent control strategies in iPM of pomegranate fruit borer.

Key words: pomegranate; Deudorix epijarbas; bionomics; 
morphometry; larval instars

dopolnjeni podatki o bionomiki zavijača granatnega jabolka 
Deudorix epijarbas (Moore, 1858) (lepidoptera: lycaenidae) 
v Kašmirju

Izvleček: Zavijač granatnega jabolka, Deudorix epi-
jarbas (Moore, 1858) (Lepidoptera: Lycaenidae) je uničujoč 
škodljivec, ki vpliva na kakovost in količino plodov. ta in so-
rodne vrste škodljivcev predstavljajo težave pri gojenju granat-
nega jabolka širom indije, še posebej v hriboviti državi Jammu 
& Kashmir. Namen raziskave je bil preučiti bionomiko zavijača 
granatnega jabolka v laboratoriju glede na morfometrijo in ob-
seg njegovih razvojnih štadijev v življenskem ciklu za razvoj 
metod dobrega upravljanja s škodljivcem. Rezultati so pokazali, 
da samice ležejo jajčeca posamično na plodove, peclje, liste in 
cvetne brste. Po izleganju se ličinke zavrtajo v plodove, v katerih 
se hranijo s pulpo in jih s tem naredijo neprimerne za prodajo. 
Škodljivec ima pet razvojnih stopenj ličinke z različnim trajan-
jem, celotno obdobje ličinke je trajalo 32,20 ± 1,87 (sD) dni. 
stopnji ličinke je sledilo obdobje bube, ki je trajalo 9,50 ± 1,84 
(sD) dni. Življenska doba odraslih samcev in samic je bila 9,20 ± 
1,73 (sD) in 13,20 ± 1,43 (sD) dni. Raziskava prispeva potrebne 
informacije za razvoj in uporabo različnih strategij nadzora pri 
integriranem upravljanju zavijača granatnega jabolka.

Ključne besede: granatno jabolko; Deudorix epijarbas; 
bionomika; morfometrija; razvojne stopnje ličinke
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1 IntroduCtIon

Pomegranate is an ancient sacred fruit belonging 
to genus Punica of family Punicaceae. it is regarded as a 
crop of arid and semi-arid regions because of its adapt-
ability to diverse soil and climatic stresses. Pomegranate 
trees are valued for its products, which have immense 
nutritional, medicinal and industrial significance (Negi 
et al., 2003 and sumner et al., 2005). However, this fruit 
tree is susceptible to damage inflicted by various insect 
pests reducing quality and quantity of its products (ismail 
et al., 1989). among them, the damage caused by pome-
granate fruit borer, Deudorix epijarbas (Moore, 1858), is 
enormous throughout india. in Kashmir valley, this pest 
has been recorded as a serious and predominant pest of 
pomegranate fruits (Zaka- ur- Rab, 1980). During 20th 
century, pomegranate cultivation was carried out on large 
scale in the valley but its plantations succumbed to the at-
tack by pomegranate butterfly. Nowadays, sporadic culti-
vation is prevalent in certain regions of Kashmir. The pest 
attack is from the onset of fruiting season til its comple-
tion. The larvae bore their way in pomegranate fruits and 
feed on pulp and seeds making the fruits sensitive to sec-
ondary infections of fungus and bacteria. in the fields, in-
fested fruits are detected by the presence of holes on them, 
through which larvae exude their faecal matter, confer-
ring these fruits an odious stink. as a result, the infested 
fruits become totally unfit for human consumption and 
thus impair their trade.

Recently, there is a renewed surge in pomegranate 
consumption following the assertion of its health benefits. 
it is deemed a rich source of antioxidants, vitamins, potas-
sium, calcium, magnesium, iron and zinc as has been con-
firmed by findings of Gil et al.(2000) aviram & Dornfeld 
(2001) and Haidari et al. (2009). Dietary supplementation 
with pomegranate is believed to prevent cancer (afaq et 
al., 2005). its fruits have antimicrobial, antimutagenic and 
antioxidant activities (Negi et al., 2003). Furthermore, it 
has been used in commercial cosmetic preparations on a 
large scale (Kim et al., 2002). as a result of this increased 
demand, new plantations are being established through-
out the world. This results in higher risk of infestation 
of pomegranates by insect pests in general and by fruit 
borers in particular. successful management strategy re-
quires thorough knowledge on different aspects of insect 
pest. so far, little work is done on the bionomics of pome-
granate fruit borer, D. epijarbas from Kashmir. Therefore, 
the present investigation was carried out to analyze the 
biology of D. epijarbas on pomegranate in laboratory at 
room temperature so as to replicate natural environmen-
tal conditions necessary for furnishing peak infestation of 
pomegranate fruit borer, for devising an opportune man-
agement strategy against the pest. 

2 MAterIAl And MetHods 

to study the various aspect of biology, a stock culture 
of pomegranate fruit borer, D. epijarbas was maintained 
in entomology Research Laboratory of Department of 
Zoology, University of Kashmir. The detailed methodol-
ogy employed for the study is given below. 

2.1 stoCK CULtURe oF D. epijarbas

The infested fruits were collected from Kashmir 
University botanical Garden (KUbG) having geographic 
coordinates (34°07’40.66”N, 74°50’11.46”e and 5214ft) 
and Noor bagh located at 34°04’27.26”N, 74°48’12.80”e 
and 5538 ft. The infested fruits were identified by the pres-
ence of entry holes made by larvae of this particular pest 
species. For studying different biological parameters of 
pomegranate fruit borer, D. epijarbas (Moore, 1858) in 
laboratory, the methodology of bhumannavar and Vi-
raktamath (2001) was followed. The collected fruits were 
then kept in large glass jars open at one end (Fig.1a) under 
ambient room temperature of 28.55 ± 2.83 °C and relative 
humidity of 75.15 ± 6.06 %. The open end of jar was cov-
ered with muslin cloth for ventilation and to prevent the 
attack of parasites and fungi. Pomegranate fruits were 
provided to these larvae and the exuded faecal matter 
was removed from these jars on daily basis (Fig. 1b). The 
larvae then transformed into pupae and were kept under 
same rearing conditions till the emergence of adults. The 
adult male and female butterflies were then shifted care-
fully to separate rearing jars, provided with fresh pome-
granate twigs and calyx. observations regarding duration 
of mating, preoviposition, egg laying (oviposition) and 
postoviposition were recorded under laboratory condi-
tions. The fecundity and adult longevity of both male and 
female butterflies was also observed and recorded. Du-
ration of different life stages viz. larval instars, pupation 
and adult stage was recorded from eggs laid in laboratory. 
The detailed data on morphometry of different stages of 
life cycle was also recorded. The cotton swabs soaked in 
5 % sucrose solution served as a source of food and water 
for studying the behaviour of adult butterflies during the 
course of study. 

2.1.2 studY of dIfferent BIologICAl pA-
rAMeters of D. epijarbas

observations with regard to different developmen-
tal stages were recorded from these freshly laid eggs on 
pomegranate twigs and calyx under laboratory condi-
tions. 
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2.1.2.1 eggs

For the study of incubation period of eggs, 10 fresh-
ly laid eggs were taken from the stock culture and kept in 
separate Petri dish and observed daily till the emergence 
of young larvae. The observations on hatching percentage 
along with the changes in colour and shape of eggs were re-
corded as well.

2.1.2.2 Larval period

a total of 10 freshly emerged young larvae were trans-
ferred to separate glass jars using a fine camel hair brush 
and fresh food (pomegranate fruits cut into two halves) was 
provided to them on daily basis. These larvae were kept un-
der constant observation to record the number and dura-
tion of different larval instar. The change in larval instar was 
substantiated by change in its colour which was further vali-
dated by presence of exuvium of head capsule on infested 
fruit. Duration of larval period (i.e. number of days taken 
by a larva since its emergence from egg up to its pupation) 
was also computed. in separate experiment, head capsule 
width for each larval instar was measured to separate dif-
ferent larval instars (Dyar, 1890). in the later stages, larvae 
stops feeding and become sluggish which signals the initia-
tion of pupal stage. 

2.1.2.3 Pupal period

studies on duration of pupal period were carried out 
on 10 fully grown larvae that were kept in separate beakers 
and the number of days from termination of larval period 
till the appearance of adults were counted and recorded as 

pupal period. observations regarding the colour and shape 
of pupae were also recorded. 

2.1.2.4 adult longevity

total life span of adult i.e. number of days from emer-
gence of adults to their death was regarded as longevity of 
adult butterflies. observations on longevity were recorded 
for both male and female butterflies.

2.1.2.5 ovipositional period and fecundity

to determine the ovipositional period, the eggs laid 
by female were observed and removed daily til the death of 
female butterfly. Fecundity is the total number of eggs laid 
by a single female butterfly during its lifetime. both experi-
ments were replicated 10 times. 

2.1.2.6 Life cycle

based on the duration of different stages in the life 
cycle of pomegranate fruit borer viz. egg, larva, pupae and 
adult time period required for the completion of life cycle 
was recorded..

2.1.2.7 statistical analysis

The data obtained from the experiments was ar-
ranged in tables. The mean, range and standard devia-
tion of the readings was computed using sPss software 
(16.0).

figure 1: a: Rearing of fruit borer infested pomegranates in laboratory. b: Posterior region of D. epijarbas larva visible from the 
holes of infested fruits and exuded faecal matter.
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3 results

the observations on biology of D. epijarbas are 
presented under following headings.

3.1 eGGs

the female butterfly laid eggs singly on fruits, 
stalks, leaves and flower buds (Fig. 2a). these eggs 
were light greenish in colour when fresh, more or less 
rounded in shape and turned white just before hatch-
ing. the diameter of eggs ranged from 0.90 to 1.15 mm 
with an average of 1.04 mm ± 0.02 (se) (table 1). the 
incubation period of eggs varied from 8 to 12 days 
with a mean of 10.33 days ± 1.02 (se) (table 3).

3.2 LaRVaL PeRioD

the destructive stage of this pest is represented 
by its different larval instars (Fig. 2b). the pest was 
found to pass through five larval instars on pome-
granate fruits in laboratory before transforming into 
pupa. Head capsule width of each larval instar was 
used to determine the larval instar (table 2). the du-
ration of each larval instar and measurements of dif-

ferent developmental stages is given in tables 3 & 4 
respectively. 

Newly hatched larvae were cylindrical, light 
brown in colour and possessing a triangular black 
structure on thoracic segments. the body of larva was 
covered with dense white hairs which were longer in 
abdominal segments. the developmental period of 
first larval instar ranged from 4 to 6 days with an aver-
age of 4.95 days ± 0.76 (sD) whereas the average body 
length and width was recorded as 3.94 mm ± 0.42 (sD) 
and 0.88 mm ± 0.08 (sD) respectively. 

the second instar larva differed markedly from 
first instar in size and colour. this larval instar was 
dark brown in colour with less dense body hairs. 
Length of second larval instar of D. epijarbas ranged 
from 5.50 to 7.94 mm with an average of 6.79 ± 0.82 
(sD) mm while the breadth ranged from 1.25 to 
1.50 mm with a mean of 1.37 ± 0.08 (sD) mm (table 
4). average duration of second instar larvae was found 
to be 5.45 ± 0.83 (sD) days, and ranged from 4.0-6.5 
days. 

third larval instar was analogous to previous lar-
val instar except in its dimensions. the developmental 
period of third instar larvae varied from 5 to 7.5 days 
with an average of 6.40 ± 0.87 (sD) days (table 3). the 
length and width of this larval instar ranged from 9.30 
to 12.95 mm with an average of 10.92 ± 1.24 (sD) mm, 

Parameter observations Mean (±se)* Range
egg diameter 
(mm)

i ii iii iV V Vi Vii Viii iX X 1.04 (±0.02) 0.90- 1.15

1.00 1.02 1.15 0.90 1.09 1.04 1.07 1.03 1.06 1.05

table 1: Morphometric measurements of egg of pomegranate fruit borer, D. epijarbas

*Mean of 10 replications, figure in parenthesis are standard error.

Larval instars No. of larvae observed
Mean observed head 
width (± se) Range expected head width* Difference

i 10 0.412 (± 0.017) 0.34-0.49 0
ii 10 0.695 (± 0.025) 0.54-0.78 0.688 0.007
iii 10 1.192 (± 0.015) 1.12-1.26 1.16 0.032
iV 10 1.770 (± 0.022) 1.66-1.86 1.99 0.218
V 10 2.447 (± 0.0345) 2.20-2.60 2.95 0.503

table 2: Head capsule width of different larval instars of pomegranate fruit borer, D. epijarbas

*expected head capsule width established by Dyar’s ratio (1.67mm). Multiplying Dyar’s ratio with the observed head capsule width of 1st instar larva 
gives the expected head capsule width of 2nd larval instar which when multiplied again with Dyar’s ratio gives expected head capsule width of 3rd 
larval instar and so on.
Mean observed head capsule width of 1st larval instar (N = 10) = 0.412mm
Mean observed head capsule width of 2nd larval instar (N = 10) = 0.695mm
Growth ratio (Dyar’s ratio) = Head capsule width of 2nd larval instar/ Head capsule width of 1st larval instar = 0.695/ 0.412 = 1.67mm
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and 2.15 to 2.89 mm with an average of 2.50 ± 0.26 
(sD) mm respectively. 

the colour of body became considerable dark-
er in stout fourth instar larvae. average duration of 
fourth larval instar was 7.10 ± 0.39 (sD) days whereas 
mean body length was 15.58 ± 0.80 (sD) mm with an 
average width of 3.63 ± 0.31 (sD) mm. 

Fully mature larva was stouter, slothful and dark 
green in colour and the final instar lasted for 8.35 ± 
0.58 days (7.5 to 9.0 days). average body length of 
fifth larval instar was 19.54 ± 1.53 (sD) mm (17.00 to 
21.72 mm) whereas the average breadth varied from 
5.38 to 6.77 mm with an average of 5.90 ± 0.50 (sD) 
mm. thus, the total larval period of D. epijarbas on 
pomegranates in laboratory ranged between 29.0 to 
35.0 days with an average of 32.20 (± 1.87) days (table 
3). 

a fully matured larva of pomegranate fruit borer 
impeded its feeding, became smaller in size and got 

transformed into pre- pupal stage. the pre pupa was 
dark green in colour with brown head. the duration 
of this stage varied from 2.5 to 3.5 days with an aver-
age of 3.00 ± 0.41 (sD) days. 

3.3 PUPaL PeRioD

the pupa of D. epijarbas was initially light brown 
in colour and gradually changed its colour to dark 
brown (Fig. 2c). the length of pupal stage varied from 
13.22 to 16.00 mm and average length was found to 
be 14.57 ± 0.92 (sD) mm. the pupal breadth ranged 
between 6.00 and 6.96 mm with an average of 6.55 
± 0.29 (sD) mm. the duration of pupal stage varied 
from 7.0 to 12.0 days with a mean of 9.50 ± 1.84 (sD) 
days. Pupation was observed to occur on or inside the 
damaged fruits as well as on the sides and corners of 

Parameters No. of observations Range Mean±sD
incubation period 10 7.0-11.0 8.75 (± 1.38)
1st  larval instar 10 4.0-6.0 4.95 (± 0.76)
2nd larval instar 10 4.0-6.5 5.45 (± 0.83)
3rd larval instar 10 5.0-7.5 6.40 (± 0.87)
4th larval instar 10 6.5-7.5 7.10 (± 0.39)
5th larval instar 10 7.5-9.0 8.35 (± 0.58)
total larval period 10 29.0-35.0 32.20 (± 1.87)
Pre- pupa 10 2.5-3.5 3.00 (± 0.41)
Pupa 10 7.0-12.0 9.50 (± 1.84)
Male adult longevity 10 7.0-11.5 9.20 (± 1.73)
Female adult longevity 10 11.0-15.0 13.20 (± 1.43)
total life span (Male) 10 58.5-69.5 62.65 (± 3.18)
total life span (Female) 10 62.0-74.5 66.65 (± 3.68)

table 3: Duration of different developmental stages of D. epijarbas in laboratory

sD = standard deviation, figures in parenthesis are standard deviation of mean

Developmental stage Mean length (± sD)* Range Mean breadth (± sD)* Range
1st larval instar 3.94 (± 0.42) 3.50-4.50 0.88 (± 0.08) 0.75-1.00
2nd larval instar 6.79 (± 0.82) 5.50-7.94 1.37 (± 0.08) 1.25-1.50
3rd larval instar 10.92 (± 1.24) 9.30-12.95 2.50 (± 0.26) 2.15-2.89
4th larval instar 15.58 (± 0.80) 14.44-16.70 3.63 (±0.31) 3.07-4.20
5th larval instar 19.54 (± 1.53) 17.00-21.72 5.90 (± 0.50) 5.38-6.77
Pupa 14.57 (± 0.92) 13.22-16.00 6.55 (± 0.29) 6.00-6.96

table 4: Measurements of different life stages in pomegranate fruit borer, D. epijarbas under laboratory conditions

*Mean of 10 replication/ developmental stage, figures in parenthesis are standard deviation.

aas 116-1.indd   183 29. 09. 2020   08:45:17



Acta agriculturae Slovenica, 116/1 – 2020184

I. YOUSUF and A. A. BUHROO

adult Mean body length in mm (± sD)* Range Mean wing expanse in mm (± sD)* Range
Male 18.54 (± 1.57) 16.50-20.93 38.25 (± 1.52) 36.40-40.50
Female 22.97 (±1.07) 21.65-24.66 42.26 (± 1.26) 40.58-44.50

table 5: Measurements of adult male and female D. epijarbas

*Mean of 10 replication/ individual, figures in parenthesis are standard deviations.

observations (N) Mating (minutes) Pre-oviposition (days) oviposition (days) Post-oviposition (days) Fecundity(number)
i 59 3 3.5 7.5 27
ii 57 3.5 4 4 24
iii 65 4 3 5.5 23
iV 66 3 4.5 4 29
V 58 4 4.5 5 20
Vi 63 4 3 6.5 25
Vii 62 3.5 3 6 29
Viii 64 3 3.5 5 22
iX 59 3 4 7 26
X 57 3.5 3.5 5.5 28
Mean ± sD 61.00 ± 3.40 3.65 ± 0.44 3.65 ± 0.58 5.6 ± 1.17 25.30 ± 3.06

table 6: Duration of different biological phenomenon in the life cycle of pomegranate fruit borer, D. epijarbas

figure 2 (a - e): Different developmental stages in the life cycle of D. epijarbas.
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rearing jar. adult butterflies emerged by splitting the pu-
pal covering dorsally (Fig. 2d and 2e).

3.4 aDULts

sexual dimorphism is conspicuous in adult pome-
granate fruit borer, D. epijarbas. The female butterflies 
were larger in size with longer wing expanse than their 
male counterparts. The females were dull brown in col-
our and measured 22.97 ± 1.07 (sD) mm (table 5). av-
erage width of female butterfly including wing span was 
observed to be 42.26 ± 1.26 (sD) mm with longevity of 
13.20 ± 1.43 (sD) days. The males were brick red in col-
our having an average body length of 18.54 ± 1.57 (sD) 
mm. The width across wings was found to be 38.25 ± 1.52 
(sD) mm and longevity of 9.20 ± 1.73 (sD) days (table 
5). 

The preoviposition, oviposition and post oviposi-
tion period of female D. epijarbas ranged from 3 to 4 days 
with an average of 3.45 ± 0.44 (sD) days, 3 to 4.5 days 
with an average of 3.65 ± 0.58 (sD) days and 4 to 7.5 days 
with an average of 5.6 ± 1.17 (sD) days respectively. Fe-
cundity of pomegranate fruit borer ranged between 20 to 
29 eggs with a mean of 25.30 ± 3.06 (sD) eggs (table 6). 

The total life cycle of D. epijarbas in laboratory was 
observed to vary from 58.5 to 69.5 days for males and 
mean of 62.65 ± 3.18 (sD) days while on the contrary, the 
total life cycle of females ranged from 62.0 to 74.5 days 
with a mean of 66.65 ± 3.68 (sD) days (table 3).

4 dIsCussIon

a number of studies have been carried on the bio-
logical parameters of Deudorix (=Virachola) isocrates 
(Fabricius, 1793) by various workers viz. Kabre and Mo-
halkar (1992), Thirumurugan (1992), Karuppuchamy et 
al. (1998), singh & singh (2001), tiwari & Mishra (2007), 
bhut et al. (2013) and Chettry et al. (2015). However, 
there are reports of preliminary studies carried out on 
biology of D. epijarbas, an allied species of D. isocrates, 
by Zak- ur- rab (1980), Verma (1985) and Dutta (1992).

in the present experiments, mean incubation period 
of 8.75 ± 1.38 days was recorded for the eggs of D. epijar-
bas. Gharbi (2010) reported a lesser incubation period 
of 5.23 ± 0.32 days for another species of pomegranate 
fruit borer, V. livia Klug, 1834 in tunisia. This disparity 
may be because of difference in pest species, variability of 
host plant, agroclimatic conditions or latitudinal clines of 
place at which the study was carried out.

The present study on the biology of pomegranate 
fruit borer, D. epijarbas has shown that larvae of the pest 

pass through five larval instars on pomegranates in labo-
ratory. Change in larval instars was accomplished on the 
basis of head capsule width of larvae, which unlike aver-
age larval weight did not overlap and thus was an accu-
rate indicator of larval development. in present investi-
gation, total larval period of D. epijarbas varied between 
29.0 and 35.0 days with an average of 32.20 ± 1.87 (sD) 
days. These results are somewhat in agreement with the 
findings of Dutta (1992) and Mohi- ud- din et al. (2014) 
who both worked on same species of pomegranate fruit 
borer in Kashmir. at the end of larval period, larvae en-
tered a non- motile, non- feeding pre- pupal phase that 
lasted for 3 days preceding the formation of pupa.

our study revealed that pupation occurred inside or 
on the skin of fruit, at corners and sides of rearing jar 
and lasted for 7 to 12 days with a mean of 9.50 ± 1.84 
(sD) days. similar observations were made by tiwari & 
Mishra (2007) and Chettry et al. (2015) for D. isocrates 
on different hosts implying that plant fed to larvae dur-
ing rearing, has no effect for pupal development of genus 
Deudorix.

The present study showed that there was a differ-
ence in female and male longevity. in our experiments, 
adult females lived longer than adult males with mean 
longevity of 13.20 and 9.20 days respectively. The average 
life span of males was found to be 62.65 ± 3.18 (sD) days 
(58.5 to 69.5 days), whereas females had average life span 
of 66.65 ± 3.68 days (62.0 to 74.5 days). Variations in co-
lour patterns of male and female butterfly found in the 
present study are in consistency with the previous studies 
of Zaka- ur- rab (1980), Verma (1985) and Dutta (1992). 

our study revealed that body length in males ranged 
from 16.50 to 20.93 mm with an average of 18.54 ± 1.57 
(sD) mm whereas for females, average body length was 
22.97 ± 1.07 (sD) mm (21.65 to 24.66 mm). The average 
width across wings in male was 38.25 ± 1.52 (sD) mm 
(36.40 to 40.50 mm) and in female, wing expanse ranged 
from 40.58 to 44.50 mm with a mean of 42.26 ± 1.26 (sD) 
mm. These results are in line with the observations of 
singh & singh (2001) and tiwari & Mishra (2007) about 
body length and wing expanse for a different species of 
pomegranate fruit borer, D. isocrates on aonla, Phyllan-
thus emblica L..

The present study revealed that the mean pre-ovi-
position, oviposition and postoviposition period of D. 
epijarbas in laboratory were 3.45 ± 0.44 (sD), 3.65 ± 
0.58 (sD) and 5.60 ± 1.17 (sD) days respectively. From 
our study, the egg laying capacity of female butterfly was 
found to vary from 20 to 29 eggs with a mean of 25.30 
± 3.06 (sD) eggs. Conversely, the study of Zaka- ur- rab 
(1980) have shown that female butterfly laid only 4 eggs. 
total life cycle was worked out to take 62.65 days in 
males and 66.65 days in females, implying that fruit borer 
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can complete 2- 4 generations during fruiting season of 
pomegranate.

5 ConClusIons 

The present study thus provides important informa-
tion about development, longevity and other biological 
parameters of D. epijarbas. in the present study, mean 
diameter of eggs of the pest was found as 1.04 (± 0.02) 
mm. Further, the duration of 1st, 2nd, 3rd, 4thand 5th larval 
instars was 4.95 (± 0.76), 5.45 (± 0.83), 6.40 (± 0.87), 7.10 
(± 0.39) and 8.35 (± 0.58) days respectively. The female 
butterflies showed longer adult longevity (13.20 ± 1.43 
days) as well as total life span (66.65 ± 3.68 days) than 
their male counterparts with adult longevity of 9.20 (± 
1.73) days and total life span of 62.65 (± 3.18) days. The 
body length and wing expanse was recorded as 18.54 (± 
1.57) mm & 38.25(± 1.52) mm in males and 22.97 (± 
1.07) mm and 42.26 (± 1.26) mm in females. The dura-
tion of preoviposition, oviposition and postoviposition 
was 3.65 (± 0.44), 3.65 (± 0.58) and 5.60 (± 1.17) days 
respectively. The present understanding of the biology of 
this particular pest species would help in its management 
and control. During the current experiments, a gap of few 
days was observed between oviposition and penetration 
of fruits by first instar larva which may prove significant 
while formulating its control strategies. Therefore, fur-
ther studies should try to exploit this gap and during the 
assessment of different control strategies focus should be 
on preventing the entry of larvae in pomegranate fruits. 
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Comparative effects of cantharidin and endothall on gene 
expression and activity of antioxidant enzymes in Cichorium 
intybus l.

Abstract: Cantharidin and its analog, endothall, are 
known to have phytotoxic effects and their mechanism of action 
involves the inhibition of phosphatases. enzymes and antioxi-
dant compounds act as barriers against phytotoxic compounds. 
Catalase and peroxidase are among the most important antioxi-
dant enzymes. Cichorium intybus L. has traditionally been used 
for its medicinal properties and contains various phytochemi-
cal and enzymatic compounds. The present study aimed to in-
vestigate the comparative effects of cantharidin and endothall 
with concentration of 2.5, 5.5 and 10 µg ml-1 on the changes 
in the gene expression of catalase and glutathione peroxidase. 
Furthermore, we assess the activities of these enzymes in the 
shoots and roots of Cichorium intybus L.. according to the 
findings, the expression of catalase and glutathione peroxidase 
increased in the samples treated with cantharidin more than 
endothall compared to the controls in both shoot (the most sig-
nificant is in cantharidin with 2.5 µg ml-1 concentration) and 
root samples (the most significant is in cantharidin with 5.5 
µg ml-1 concentration). in addition, the activity of catalase and 
concentrations of cantharidin (2.5 µg ml-1) in shoot samples led 
to the more intense stimulation of catalase and glutathione per-
oxidase compared to root samples. We suggest that cantharidin 
and endothall have negative effect on expression and absorp-
tion of antioxidant enzymes.

Key words: cantharidin; catalase; Cichorium intybus L.; 
endothall; glutathione reroxidase

primerjalni učinki kantaridina in endotala na izražanje genov 
in aktivnost antioksidacijskih encimov pri navadnem potro-
šniku (Cichorium intybus l.)

Izvleček: Kantaridin in njegov analog endotal sta pozna-
na po fitotoksičnih učinkih, pri katerih njun mehanizem de-
lovanja vsebuje inhibicijo fosfataz. encimi in antioksidacijske 
spojine tvorijo bariero proti fitotoksičnim spojinam. Katalaza 
in peroksidaza sta med najpomembnejšimi antioksidacijskimi 
encimi. Navadni potrošnik (Cichorium intybus L.) se tradici-
onalno uporablja kot zdravilna rastlina zaradi vsebnosti raz-
ličnih fitokemikalij in encimov. V raziskavi so bili preučevani 
primerjalni učinki kantaridina in endotala v koncentracijah 
2,5, 5,5 in 10 µg ml-1 na spremembe v izražanju genov za kata-
lazo in glutation peroksidazo. aktivnosti teh dveh encimov so 
bile ocenjene v poganjkih in koreninah navadnega potrošnika. 
izsledki so pokazali, da se je izražanje genov za katalazo in glu-
tation peroksidazo bolj povečalo v vzorcih, ki so bili tretirani s 
kantaridinom kot v tistih tretiranih z endotalom v primerjavi s 
kontrolo, tako v poganjkih (najznačilnejši učinek je imela kon-
centracija kantaridina 2,5 µg ml-1) kot v koreninah (najznačil-
nejši učinek je imela koncentracija kantaridina 5,5 µg ml-1). Do-
datno sta aktivnost katalaze in koncentracija kantaridina (2,5 
µg ml-1) v vzorcih poganjkov vodili k intenzivnejši stimulaciji 
katalaze in glutation peroksidaze v primerjavi z vzorci korenin. 
Predpostavljamo, da imata kantaridin in endotal negativni uči-
nek na izražanje genov antioksidacijskih encimov in na njihovo 
absoprcijo. 

Ključne besede: kantaridin; katalaza; Cichorium intybus 
L.; endotal; glutatione peroksidaza
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1 IntroduCtIon

Cichorium intybus L. belongs to the asteraceae fam-
ily (Heimler et al., 2009) and Wild chicory or blue daisy 
C.intybus is a diploid plant species (2n = 18) (Funk et 
al., 2005). The shoots of C.intybus could be as high as 
0.5-1.5 meters in the wild state, and they may even ex-
ceed two meters. it is cultivated as an ornamental and 
medicinal plant across europe. in iran, C. intybus grows 
in mountainous regions, as well as Khorasan, Guilan, 
Mazandaran and tehran provinces. 

Chicory is an important medicinal plant which ac-
cumulates various specific organic compounds, such as 
storage polysaccharide inulin, sesquiterpene lactones, 
cumarins, phenolic acids and flavonoids (bais & Ravis-
hankar, 2001; senderski, 2009). Flavonoids and terpe-
noids are among the important compounds found in C. 
intybus . some cultivars of this plant are widely cultivated 
in countries such as the United states, india, and New 
Zealand as a fodder plant to feed livestock. Furthermore, 
C. intybus has been traditionally used as a medicinal herb. 
as such, the phytochemical and enzymatic compounds 
found in C. intybus are of almost importance (abbas et 
al., 2015). Cantharidin is a toxic terpenoid compound, 
which is found in the beetles of Meloidae and oedemeri-
dae families. This natural terpenoid is also produced by 
the blister beetle (Epicauta spp.) and spanish flies (Lytta 
vesicatoria (L., 1758)) as a protection mechanism (bajsa 
et al., 2011). Cantharidin has been used as a medicine in 
China since 2000 years ago. This compound is of medi-
cal and economic significance due to its medicinal pro-
prieties and severe toxicity in livestock. Nevertheless, its 
usage has recently become restricted in medicine due to 
its high toxicity and adverse effects (Young, 2017). Pre-
vious studies have denoted that cantharidin affects cells 
through inhibiting phosphatases proteins (PPts) 1 and 2. 
Phosphatases are involved in various cellular functions 
through phosphorylation-dephosphorylation and are 
responsible for conducting phosphorylation-dependent 
signals. The other mechanisms in this regard include ac-
tivating apoptosis and blocking all the apoptosis inhibi-
tors (Ward et al., 2017). in addition, PPts control several 
plant cell functions, such as pathway crosstalk, light per-
ception, response to pathogens, and hormonal functions 
(Ward et al., 2017a; Rikin & Rubin, 1993). Considering 
the effectiveness of PPts, they have been applied to ob-
tain various compounds for special purposes. endothall 
herbicide is one of the analogs of these compounds 
(Duke & Powles, 2008). 

endothall (7-oxabicyclo heptane-2,3-dicarboxylic 
acid) was introduced in the 1950 with the commercial 
name aCCeLeRate (Duke & Powles, 2008a). Despite 
its history, endothall remains one of the several herbi-

cides to be used widely. Considering its mechanism of 
action, endothall inhibits the entrance of leucine amino 
acid into the protein structure in different parts of plants. 
at high concentrations, endothall could even inhibit the 
synthesis of lipids. The plants affected by this toxin die in 
a browned form and decrease the light genes expression. 
according to the Wssa Herbicide Handbook, endothall 
affects the cell membrane, as well as a wide range of mo-
lecular pathways, which are not clearly identified (Dayan 
& Watson, 2011). in addition, previous findings have in-
dicated that cantharidin and endothall are both specific 
inhibitors of phosphatases proteins, and the phosphatase 
protein functioning in plants is inhibited more effectively 
by endothall compared to cantharidin (bajsa et al., 2012). 

The inhibition of phosphatases proteins in plants 
could damage the plant structure. as such, plants have 
developed various strategies to respond to the herbicide 
toxicity. For instance, the antioxidant system is a consid-
erable defense mechanism in plants, which is activated 
through focused responses with the involvement of vari-
ous enzymes, including superoxide dismutase, catalase, 
peroxidase, ascorbate peroxidase, glutathione reductase, 
and glutathione transferase. Catalase is an important en-
zyme, which is responsible for a major part of the antiox-
idant defense in plants. Moreover, reports have suggested 
that following catalase, peroxidase plays a key role in the 
removal of hydrogen peroxide (bajsa et al., 2012a).

to date, no studies have evaluated the effects of can-
tharidin and endothall on the gene expression of anti-
oxidant enzymes, as well as the changes in the activities 
of catalase and glutathione peroxidase proteins. Con-
sidering the adverse effects of these herbicides on cell 
physiology (fodder and medicinal plants), the present 
study aimed to investigate the effects of cantharidin and 
endothall on the expression of catalase and glutathione 
peroxidase antioxidant genes in Cichorium intybus (L.).

2 MAterIAls And MetHods

2.1 CULtiVatioN, tReatMeNt, aND saM-
PLiNG oF CiCHoRiUM iNtYbUs (L.)

in this study, the seeds of Cichorium intybus L. were 
obtained from Pakan bazr Company in isfahan, iran. The 
seeds were placed in suitable pots for germination, and 
daily irrigation was performed for five days with 200 ml 
of water per week. after this period and when the plants 
were in the two-leaf stage, treatment of the samples was 
initiated using 200 ml week-1 of each concentration, and 
plants were water-sprayed every other day. 

in order to determine the proper concentrations 
of cantharidin and endothall, the plants were randomly 
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treated with 10, 50, 100, and 150 µg ml-1, and the results 
of the initial cultivation indicated that the plants had no 
germination at the other concentrations than 10 µg ml-1. 
Therefore, the concentration range of less than 10 µg ml-1 

was selected for the main experiments. after determining 
the proper concentrations, cultivated seeds were treated 
by 2.5, 5.5 and 10 µg ml1- for endothall and cantharidin 
respectively. 

Plant treatments were performed using 400 ml of 
each treatment. experiments were conducted in con-
trolled laboratory conditions (25 ± 1 C°, 16:8 h (L : D), 
and harvesting was accomplished after two months of 
vegetative growth. at the next stage, separate samples 
were obtained from the roots and shoots of plants. 

2.2 RNa eXtRaCtioN aND CDNa sYNtHesis

Changes in the expression of catalase and glutathi-
one peroxidase genes were examined in the shoots and 
roots (2 cm) of the samples. RNa extraction was per-
formed using a Fermentas kit in accordance with the 
instructions of the manufacturer. Nanodrop was used 
to assess the presence and evaluate the purity of the ex-
tracted RNa. to remove the DNa impurities, we applied 
the DNase enzyme (Fermentas DNase i, RNase-free) in 
accordance with the protocol. 

at the next stage, the cDNa was produced from the 
extracted RNa using Revertaid First strand cDNa kit 
based on the proposed method in its protocol (accord-
ing to the Fermentas kit ). eventually, the cDNa was used 
as the model DNa in polymerase chain reaction (PCR).

2.3 eXaMiNatioN oF tHe CHaNGes iN tHe 
eXPRessioN oF tHe CataLase aND GLU-
tatHioNe PeRoXiDes GeNes UsiNG QRt-
PCR

Real-time PCR was employed to examine the 
changes in the expression of catalase and glutathione 
peroxidase genes using a PCR device (Light Cycler, bio 
Rad) and sYbR Green color with the reaction volume of 
20 ml, which consisted of 10 ml of the master mix con-
taining sYbR Green, two ml of the left primers, and two 
ml of the right primers (table 1). 

The duration of the cycles was set at three minutes 
at the temperature of 95 °C before 40 cycles (10 seconds 
at 95 °C), and the final stage lasted for 30 seconds at the 
temperature of 60 °C in accordance with the protocol of 
the sYbR Green kit (sanders & Lee, 2013). eventually, 
the melting curve was drawn, and the changes in the 
expression of catalase and glutathione peroxidase genes 
were compared with the control samples.

2.4 MeasUReMeNt oF eNZYMatiC aCtiVitY

to measure the activity of enzymes, 0.5 g of the 
fresh shoot or root tissue of the plant was milled in liq-
uid nitrogen. afterwards, 50 mM of phosphate buffer 
containing 1 % polyvinyl pyrrolidine and eDta (1mM) 
were added to the milled tissues, and the mixture was 
centrifuged at the temperature of 4 °C for 20 minutes at 
14,000 g. The supernatant fluid was collected to measure 
the proteins and preserved at the temperature of -20 °C.

2.5 MeasURiNG tHe aCtiVitY oF CataLase

to measure the activity of catalase, a reaction mix-
ture composed of 20 ml of the extract, 980 ml of phos-
phate buffer (50 mM), and oxygenated water (15 mM) 
was prepared, and the reaction was rapidly initiated by 
adding oxygenated water. Reduced absorption of hydro-
gen peroxide was recorded as the changes in absorption 
over time at the wavelength of 240 nanometers. The en-
zyme activity was expressed in terms of μmol g-1 of fresh 
tissue per minute (Marschner & Cakmak, 1992).

2.6 MeasURiNG tHe aCtiVitY oF GLU-
tatHioNe PeRoXiDase

The activity of glutathione peroxidase was mea-
sured based on the reduction of oxidized glutathione by 
the glutathione reductase enzyme with the consump-
tion of nicotinamide adenine dinucleotide phosphate 
(NaDPH). to perform the experiment, the reaction 
mixture containing 250 ml of potassium phosphate buf-
fer (100 mM), 120 ml of NaDPH (1 mM), 50 ml of oxi-
dized glutathione (10 mM), and 480 ml of distilled water 

Gene Right sequence Primer Left sequence Primer
Catalase CatCtGattGaaaaaGCttGCG tttGaGGGCttCCaGGttG
Glutathione Peroxidase GtCaCaaGaaCaCCGCttt CGCaaCaattCGCCtt

table 1: sequence of utilized primers(primers are designed according to the genes used, from the NCbi database)
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was prepared. Following that, 100 ml of the root or shoot 
extract of the plant were added to the reaction mixture 
and assorted. 

at the next stage, the changes in the absorption were 
read at 340 nanometers for 120 s based on the kinetic 
method using a spectrophotometer. The enzyme activ-
ity was expressed based on the changes in the absorption 
min-1 mg-1 protein (Mac adam, 1992).

2.7 statistiCaL aNaLYsis

The experiments were run in a fully random design 
format with three replications. Data analysis was per-
formed by sPss 22.0 software, and the minimum sig-
nificance level of p ≤ 0.05 was considered to compare the 
means. 

3 results And dIsCussIon

3.1 eVaLUatiNG tHe CHaNGes iN tHe eX-
PRessioN oF tHe CataLase aND GLU-
tatHioNe PeRoXiDase GeNes UsiNG QRt-
PCR

3.1.1 Changes in the expression of the catalase and 
glutathione peroxidase genes in the shoots of 
the samples treated with cantharidin and en-
dothall

according to the investigation of the changes in the 
expression of catalase in the samples treated with en-
dothall, the changes in the expression of this gene were 
significant at the concentration of 5.5 µg ml-1 compared 

to the controls. Furthermore, the changes in the catalase 
gene in the samples treated with cantharidin were con-
sidered significant at the concentrations of 2.5 µg ml-1. in 
the samples treated with cantharidin, the catalase gene 
had a more significant elevated expression compared 
with the samples treated with endothall.

according to the investigation of the changes in the 
glutathione peroxidase gene in the samples treated with 
endothall, the expression of this gene increased in the 
shoots of the samples treated with 2.5 µg ml-1 of endothall 
compared to the control. Moreover, in the shoot samples 
of the plants treated with cantharidin, the elevation of the 
changes in the expression of this gene was observed at the 
concentrations of 2.5 and 10 µg ml-1. Comparison of the 
changes in the expression of the peroxidase gene in the 
samples treated with cantharidin and endothall indicated 
that the increase in the expression of this antioxidant 
gene was more significant with cantharidin.

3.1.2 Changes in the expression of the catalase and 
glutathione peroxidase genes in the roots of the 
samples treated with cantharidin and endothall

according to the investigation of the changes in the 
expression of the catalase gene in the roots of the sam-
ples treated with endothall, the changes in the expres-
sion of this gene were significant at the concentration of 
10 µg ml-1 compared to the controls, while no significant 
changes were denoted at the other concentrations com-
pared to the control. on the other hand, the results of 
the changes in the glutathione peroxidase and catalase 
genes in the samples treated with cantharidin indicated 
that the expression of these genes had a significant dif-
ference compared to the controls. Moreover, the expres-

figure 1: Changes in the expression of catalase and glutathione peroxidase antioxidant genes in the shoot of Chicorium intybus L. 
treated with endothall and cantharidin (µg ml-1)
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sion of these genes increased in the roots of the samples 
treated with 5.5 µg ml-1 of cantharidin compared to the 
controls. Comparison of the changes in the expression of 
the peroxidase and catalase genes in the samples treated 
with cantharidin and endothall demonstrated that the in-
creased expression of these antioxidant genes was more 
significant with cantharidin.

3.2 tHe aCtiVitY oF CataLase aND GLU-
tatHioNe PeRoXiDase eNZYMes

3.2.1 Measurement of the absorption of catalase and 
glutathione peroxidase in the shoot of the sam-
ples treated with cantharidin and endothall

Comparison of the mean absorption of catalase in 
the shoots of the samples treated with endothall indicat-
ed that the mean absorption of catalase in the shoots had 
a significant difference with the controls at the concen-
trations of 5.5 µg ml-1, while the mean absorption showed 
no significant difference at the concentrations of 2.5 and 
5.5 µg ml-1.

Comparison of catalase absorption in the shoots of 
the samples treated with cantharidin showed a significant 
difference in the mean absorption of this enzyme be-
tween the shoots of the control samples and those treated 
with the concentrations of 2.5 µg ml-1, then 10 µg ml-1. 
as can be observed, changes in the cantharidin con-
centration increased the mean absorption of catalase in 
the shoots of the plants compared to the controls. ac-
cording to the comparison of the activity of catalase in 
the samples treated with cantharidin and endothall, the 
maximum changes in the activity of this enzyme were 
observed in the samples treated with cantharidin. 

The mean absorption of glutathione peoxidase was 
considered significant in the shoots of the Cichorium in-
tybus L. samples treated with endothall at all the concen-
trations compared to the controls. The maximum chang-
es in the samples treated with endothall were observed in 
the samples treated with 5.5 µg ml-1. Furthermore, the ac-
tivity of glutathione peroxidase increased significantly in 
the shoots of the samples treated with cantharidin com-
pared to the controls. in addition, the maximum enzyme 
activity was observed at the concentration of 2.5 µg ml-1 
in these treatment groups. Comparison of the activity 
of glutathione peroxidase in the samples treated with 
cantharidin and endothall indicated that the maximum 
changes in the activity of this enzyme were observed in 
the samples treated with cantharidin.

3.2.2 Measurement of the absorption of catalase and 
glutathione peroxidase in the roots of the sam-
ples treated with cantharidin and endothall

Comparing the mean absorption of catalase in the 
root treated with endothall indicated that the mean ab-
sorption of catalase in the root indicated a significant dif-
ference with the control at the concentration of 10 µg ml-1 
other concentrations did not show any significant differ-
ence. Cantharidin reveals a significant difference at the 
concentrations of control and the maximum difference 
was in 5.5 µg ml-1 Comparison of the activity of glutathi-
one peroxidase in the samples treated with cantharidin 
and endothall indicated that the maximum changes in 
the activity of this enzyme were observed in the samples 
treated with cantharidin.

in this research, the maximum extent of the in-
creased expression of catalase and glutathione per-

figure 2: Changes in the expression of catalase and glutathione peroxidase antioxidant genes in the root of Chicorium intybus L. 
treated with endothall and cantharidin (µg ml-1)
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figure 3: Changes in the activity of catalase enzyme in the shoot samples of Chicorium intybus L. plant treated with different 
concentrations of endothall and cantharidin (a), changes in the activity of glutathione peroxidase enzyme in the shoot samples 
of Chicorium intybus L. with different concentrations of endothall and cantharidin (b) ***Representing significant effects at 0.1 % 
probability level.

figure 4: Changes in the activity of catalase enzyme in the root samples of Chicorium intybus L. plant treated with different con-
centrations of endothall and cantharidin (a), changes in the activity of glutathione peroxidase enzyme in the shoot samples of 
Chicorium intybus L. with different concentrations of endothall and cantharidin (b) ***Representing significant effects at 0.1 % 
probability level.

oxidase was observed in the treatment groups with the 
endothall concentrations of 5.5 and 2.5 µg ml-1, as well 
as in the shoots of those with the cantharidin concentra-
tions of 2.5 and 2.5 µg ml-1. Furthermore, the maximum 
elevation of the gene expression of catalase in the roots of 
the samples treated with endothall and cantharidin was 
observed at the concentrations of 10 and 5.5 µg ml-1, re-
spectively. as for glutathione peroxidase, the maximum 
elevation was denoted at the concentration of 5.5 µg ml-1.

in the mentioned treatment groups, the activity of 
catalase and glutathione peroxidase increased, suggests 
the onset of damage to the plant and activation of the 
antioxidant defense mechanism. in addition, treatment 
with cantharidin exerted more significant effects on the 

activity of catalase and glutathione peroxidase compared 
to endothall. in other words, the induction of damage to 
the plant initiated at lower concentrations, leading to a 
stronger response in the plant. However, the intensity and 
peak of the catalase and glutathione peroxidase activity 
declined at higher concentrations, which could be due to 
damage to the shoot or root cells since the elevated en-
dothall and cantharidin concentrations may have partly 
eliminated the cellular response. Consistently, the results 
of the present study indicated that the level of antioxidant 
enzymes increased in the plants treated with cantharidin.

in this regard, bajsa et al. (2012b) examined the ef-
fects of cantharidin on the biology of Arabidopsis. accord-
ing to the obtained results, most of the protein detected 
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in the chloroplast diminished significantly, especially the 
proteins involved in photosynthesis. Conversely, the spe-
cific enzymes increased 1.5-3.3 times, especially glutathi-
one transferase. since the main role of glutathione trans-
ferase (antioxidant enzyme) is to induce defense and 
detoxification in plant tissues, this finding suggested that 
cantharidin may stimulate defense responses (akram, 
2012), and one of the defense modes is the election of 
antioxidant enzymes in the plant. in another study, the 
mechanism of action of endothall was investigated in 
plants. The biological tests for examining the physiologi-
cal effects of endothall demonstrated that this herbicide 
exerted phytotoxic effects. Unlike other detrimental her-
bicides, endothall does not inhibit the polymerization 

of tubulin under experimental conditions. These effects 
have also been observed after treatment with the inhibi-
tors of phosphatase protein, cantharidin, and okadaic 
acid (tresch, 2011). Peksel (2013) found out that syntetic 
compounds as norcantharidin shows antioxidant activi-
ties in vitro condition.

according to the present study, high concentrations 
of endothall and cantharidin led to the inhibition of plant 
growth, which could be due to the inhibition of the cell 
cycle. at lower concentrations, the enhanced activity and 
expression of these antioxidant genes could be observed 
in plants, which may be due to the activation of the de-
fense mechanism of the plant against harmful effects and 
oxidative stress (tresch, 2011a). in another research, the 

df shoot Cat Root Cat
Model 15 0.140n.s 0.100n.s
endotal 2.5 5 0.120n.s 0.100n.s
endotal 5.5 5 0.200n.s 0.100n.s
endotal 10 5 0.170n.s 0.190
error - 0.140 0.140
C.V. - 7.49 4.39
Model 15 0.140n.s 0.100n.s
Cantaridin 2.5 5 0.515*** 0.420***
Cantaridin 5.5 5 0.300*** 0.560***
Cantaridin 10 5 0.330*** 0.300***
error - 0.101 0.150
C.V. - 8.14 7.28

table 2: analysis of variance for the effect of endothall and cantaridin on shoot and root of Chicorium intybus L. under catalase 
treatment

df shoot GPX Root GPX
Model 45 0.270n.s 0.340n.s
endotal 2.5 15 0.380n.s 0.330n.s
endotal 5.5 15 0.600n.s 0.230n.s
endotal 10 15 0.350n.s 0.440n.s
error - 0.071 0.040
C.V. - 12.23 7.01
Model 45 0.270n.s 0.340n.s
Cantaridin 2.5 15 0.840*** 0.560***
Cantaridin 5.5 15 0.600*** 0.860***
Cantaridin 10 15 0.740*** 0.740***
error - 0.061 0.040
C.V. - 12.18 13.16

table 3: analysis of variance for the effect of endothall and cantaridin on shoot and root of Chicorium intybus L. under glutation 
peroxidase treatment
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findings indicated that the activation of the catalase and 
peroxidase enzymes by silver nitrate could cause these 
enzymes to cooperate in the removal of hydrogen perox-
ide. additionally, this was reported to be the main cause 
of the initiation of the antioxidant defense, so that the 
inadequate response of an enzyme to silver nitrate could 
be compensated for through elevating the activity of an-
other enzyme (shabani & saghirzadeh, 2015). Moreover, 
the present study showed that the antioxidant defense oc-
curred at low concentrations and with higher intensity 
in the samples treated with cantharidin, which could be 
considered as an opportunity for the higher effectiveness 
of endothall. as reported by tresch (2011b), the perfor-
mance of endothall phosphatase anti-protein in plants 
is more effective compared to cantharidin. These effects 
may partly originate from the inhibition of the effects of 
cantharidin at low concentrations through the antioxi-
dant defense system. 

The findings of the present research indicated that 
endothall and cantharidin phytotoxins cause changes in 
the activity and expression of oxidative stress enzymes, 
such as catalase and glutathione peroxidase. These en-
zymes convert free radicals into water and are among 
the most active barriers against oxidative reactions in 
plant cells (arora, 2002). as has been demonstrated in 
corn roots, endothall deviates cell division and the ori-
entation of the microtubule structure, thereby disrupting 
the cell cycle in the prometaphase phase. in addition, en-
dothall has been reported to exert other effects, such as 
the compression of cell nuclei, inhibiting the DNa syn-
thesis phase, and inducing extra mutations in plant cells. 
These effects are closely correlated with oxidative stress 
(tresch, 2011c). Li et al. (2014) use Ros signaling in mu-
tations Cat2, it’s an antioxidant enzyme model for study 
the contributed factors in Ros signaling (Mhamdi et al., 
2010).as reported previously, herbicides cause damage 
to plants, which mostly occurs through the production 
of reactive oxygen species (Ros) like superoxide radical, 
oH radicals and H2o2 (Gill & tutja, 2010). accordingly, 
the activity of antioxidant enzymes, which is closely as-
sociated with Ros, is considered an index of various bio-
logical stress. High levels of antioxidants in a plant cells 
may provide a special stress resistance (Nohatto et al., 
2016). Under such circumstances, the elevated activity 
of one or several antioxidants may occur, thereby stimu-
lating the resistance (akram, 2012a). The antioxidant 
enzyme´s roll in stress controls Ros gathering and limit-
ing oxidative injuries (Nohatto et al., 2016a).

4 ConClusIons

The present study aimed to compare the effects of 

endothall and cantharidin herbicides on the changes in 
the gene expression and activity of the catalase and gluta-
thione peroxidase enzymes that disorder signaling path-
ways by blocking the protein phosphatase gene expres-
sion in shoot and root of this plant and decrease growth 
parameters. The findings of this present research show 
the catalase and glutathione peroxidase activity increased 
the samples treated cantharidin and endothall compared 
to the controls, suggesting the initiation of antioxidant 
activity in the plant. 
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Navodila avtorjem

uVod

acta agriculturae slovenica je četrtletna odprtodo-
stopna znanstvena revija z recenzentskim sistemom, ki jo 
izdaja biotehniška fakulteta Univerze v Ljubljani. Revija 
sprejema izvirne in še neobjavljene znanstvene članke 
v slovenskem ali angleškem jeziku, ki se vsebinsko na-
našajo na širše področje rastlinske pridelave in živalske 
prireje in predelave. Zajema sledeče teme: agronomija, 
hortikultura, biotehnologija, fiziologija rastlin in živali, 
pedologija, ekologija in okoljske študije, agrarna ekono-
mika in politika, razvoj podeželja, sociologija podeželja, 
genetika, mikrobiologija, imunologija, etologija, mle-
karstvo, živilska tehnologija, prehrana, bioinformatika, 
informacijske znanosti in ostala področja, povezana s 
kmetijstvom. Pregledne znanstvene članke sprejemamo 
v objavo samo po poprejšnjem dogovoru z uredniškim 
odborom. objavljamo tudi izbrane razširjene znanstve-
ne prispevke s posvetovanj, vendar morajo taki prispevki 
zajeti najmanj 30 % dodatnih izvirnih vsebin, ki še niso 
bile objavljene. o tovrstni predhodni objavi mora avtor 
obvestiti uredniški odbor. Če je prispevek del diplomske 
naloge, magistrskega ali doktorskega dela, navedemo to 
in tudi mentorja na dnu prve strani. avtorji omenjenih 
del morajo biti tudi soavtorji članka, ki podaja izsledke 
dela. Navedbe morajo biti v slovenskem in angleškem je-
ziku, kadar so prispevki v slovenščini. V primeru člankov 
v slovenščini so dolžni avtorji priskrbeti angleški prevod 
naslova, izvlečka s ključnimi besedami in naslovov slik in 
tabel. Uredništvo revije zagotovi prevode izbranih biblio-
grafskih elementov (naslova, izvlečka, opomb in ključnih 
besed) v primeru tujih avtorjev. Prispevke sprejemamo 
skozi celo leto samo preko spleta v oJs sistemu.

postopeK oddAJe prIspeVKoV

avtorji lektorirane prispevke oddajo v elektronski 
obliki na spletni strani oJs acta agriculturae slovenica. 
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acta agriculturae slovenica is an open access peer-
reviewed scientific journal published quarterly by the 
biotechnical Faculty of the University of Ljubljana, 
slovenia. The journal accepts original scientific arti-
cles from the fields of plant production (agronomy, 
horticulture, plant biotechnology, plant-related food-
and-nutrition research, agricultural economics, infor-
mation-science, ecology, environmental studies, plant 
physiology & ecology, rural development & sociology, 
soil sciences, genetics, microbiology, food processing) 
and animal production(genetics, microbiology, immu-
nology, nutrition, physiology, ecology, ethology, dairy 
science, economics, bioinformatics, animal production 
and food processing, technology and information sci-
ence) in the slovenian or english languages. Review ar-
ticles are published upon agreement with the editor. Re-
ports presented at conferences that were not published 
entirely in the conference reports can be published. ex-
tended versions of selected proceedings-papers can also 
be considered for acceptance, provided they include at 
least 30 % new original content, but the editorial board 
must be notified beforehand. if the paper is part of a 
bsc, Msc or PhD thesis, this should be indicated to-
gether with the name of the mentor at the bottom of 
the front page and will appear as footnote. authors of 
mentioned thesises should be also coauthors of manu-
script. slovenian-language translation of selected bib-
liographic elements, for example the title, abstract, and 
key words, will be provided by the editorial board. Man-
uscripts are accepted throughout the year. only online 
submissions are accepted..

suBMIssIon proCess

Manuscripts should be submitted to the acta agri-
culturae slovenica oJs site. Complete manuscripts in-
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oddajo kompleten članek (naslov, avtorji z njihovimi na-
slovi, označen mora biti korespondenčni avtor in nave-
den njegov elektronski naslov, besedilo z vsemi poglavji 
in vključenimi ilustracijami (slike, tabele, enačbe). Pred 
oddajo prispevka se mora avtor na spletni strani najprej 
prijaviti oziroma registrirati (priporočamo, da je to kore-
spondenčni avtor), če prvič vstopa v sistem (potrebno je 
klikniti na Registracija in izpolniti obrazec za registraci-
jo). bodite pozorni, da na dnu registracijskega obrazca 
ne pozabite odkljukati potrditvenega polja »avtor«, sicer 
oddaja prispevka ne bo mogoča.

Postopek oddaje prispevka poteka v petih korakih. 
Priporočamo, da se avtor pred oddajo najprej seznani s 
postopkom in se na oddajo prispevka pripravi:

Korak 1: Začetek oddaje prispevka
 – izbrati je treba eno od sekcij,
 – pri rubriki »Pogoji za oddajo prispevka« mora-
te potrditi vsa potrditvena polja,

 – dodatna pojasnila uredniku je mogoče vpisati 
v ustrezno polje.

Korak 2: oddaja prispevka
 – Naložite prispevek v formatu Microsoft Word 
(.doc ali .docx).

Korak 3: Vpis metapodatkov
 – Podatki o avtorjih: ime, priimek, elektronski 
naslovi in ustanove vseh avtorjev v ustreznem 
vrstnem redu. Korespondenčni avtor mora biti 
posebej označen.

 – Vpišite naslov in izvleček prispevka.
 – Vpišite ključne besede (največ 8, ločeno s pod-
pičjem) in označite jezik besedila.

 – Vnesete lahko tudi podatke o financerjih.
 – V ustrezno besedilno polje vnesite reference 
(med posameznimi referencami naj bo prazna 
vrstica).

Korak 4: dodajanje morebitnih dodatnih datotek
 – Za vsako dodatno naloženo datoteko je treba 
zagotoviti predvidene metapodatke.

Korak 5: potrditev
 – Potrebna je končna potrditev.

cluding title, authors and their affiliations, indicated cor-
responding author and his/her e-mail, abstract, text body 
of manuscript with recommended chapters and included 
illustration at proper sites within the text should be sub-
mitted regardless submitted metadata. The submitting 
author, preferably the corresponding author should be 
registered to the site. Click Register and fill in the regis-
tration form. be sure to check in the author check box 
on the form. We advise you to check in also the Reader 
check box.

submission process consists of 5 steps. before sub-
mission, authors should go through the checklist and 
prepare for submission:

step 1: starting the submission
 – Choose one of the journal sections.
 – Confirm all the requirements of the submission 
Preparation Checklist.

 – additional plain text comments for the editor 
can be provided in the relevant text field.

step 2: upload submission
 – Upload full manuscript in the form of the Micro-
soft Word document file format (.doc or .docx).

step 3: enter metadata
 – First name, last name, contact e-mail and affili-
ation for all authors, in relevant order, must be 
provided. Corresponding author has to be se-
lected.

 – title and abstract must be provided in plain text.
 – Key words must be provided (max. 8, separated 
by semicolons) and enter the language of the text.

 – Data about contributors and supporting agencies 
may be entered.

 – References in plain text must be provided in 
the relevant text filed (between each reference 
should be a blank line).

step 4: upload supplementary files
 – For each uploaded file the author is asked for ad-
ditional metadata, which may be provided.

step 5: Confirmation
 – Final confirmation is required.

podroBneJšA nAVodIlA / detAIled InstruCtIons

http://ojs.aas.bf.uni-lj.si/index.php/aas/about/submissions#authorGuidelines
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